is 

esiairere edad 

ema frente le 
cgljene wenn 


jedelenebeter 


“tani 


A ane, 
if Ww - i 
ced OR has 
fe i. ity } a ae 
yi a A: ba r 
ue PAT 


ft tee < e 7 
ay. URN ea 

Te Gees 
Nanrew a 
ae eer rien Oe 
Ce ada 


ae 


THE UNIVERSITY OF ALBERTA 


IDENTIFYING MATHEMATICAL COMPETENCIES 


FOR THREE SELECTED TRADES 


by 


GILLES CHARLES VERRET 


A THESIS 
SUBMITTED TO 
THE FACULTY OF GRADUATE STUDIES AND RESEARCH 
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 
FOR THE DEGREE OF MASTER OF EDUCATION 
IN 


VOCATIONAL EDUCATION 


DEPARTMENT OF INDUSTRIAL AND VOCATIONAL EDUCATION 


EDMONTON, ALBERTA 


FALL at97 7. 


DEDICATION 
To my wife Olga and our children, Roger and Christine, whose 


support, patience, and understanding helped make this study possible. 


eb WOITAGTTSO 


Hat ly pe tect e ann seta 3 oe rs pe ste sglt erie 
wren vi: sy. enna sr ba on tbinsaniaby: bie amie . 


ar ous 


; Pi * 


| 
; 
e by o ; a os , 
7 ‘ , Ue 
- p . ! 
Hi 
= 7 a 
é ’ ; 7 
Peas rs en ’ : - > = 
: 5 ED eee : 
- - 2 


=—* 


ABSTRACT 

The purpose of this study was to determine and report on the mathe- 
matical knowledges and skills that certificated journeymen from each of 
three selected trades considered necessary to possess in order that they 
may be able to practice their trade in a successful manner. The three 
trades selected for the study were the Motor Mechanic trade, the Heavy 
Duty Mechanic trade, and the Welder trade. 

The study arose out of reports originating from sources both within 
and outside of educational circles expressing concern about the suita- 
bility and adequacy of mathematics instruction offered by the publicly 
supported schools. Some degree of dissatisfaction with the level of 
mathematical knowledge and skill achieved by students enrolled in high 
school vocational education programs had been expressed from time to 
time by teachers and administrators of these programs. These concerns 
had resulted in the planning of an ''Associate Studies'' program by one 
urban composite high school. This program consists of a cluster of 
vocationally related general education subjects whose curricular 
objectives were aimed at meeting the needs of students enrolled in 
vocational education programs of studies. 

The study, in dealing with the general problem of mathematical 
competencies required by journeymen attempted to answer the following 
questions: 

1. What mathematical knowledges and skills do certificated 
journeymen consider necessary to possess in order that they may be 
able to practice in a successful manner the trades of Motor Mechanic, 
Heavy Duty Mechanic, and Welder? 


2. What mathematical knowledges and skills do certificated 
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journeymen consider desirable to possess in order that they may be able 
to practice in a successful manner the trades of Motor Mechanic, Heavy 
Duty Mechanic, and Welder? 

The design of the study called for opinion data to be obtained from 
certificated journeymen sampled from each of three discrete populations, 
namely, Motor Mechanics, Heavy Duty Mechanics, and Welders. Each of 
these three populations was stratified as to the function performed by 
the journeymen. These functions were placed into the following three 
groups: Supervisors; Journeymen; Instructors. 

The data for the study were obtained by means of a questionnaire in 
the form of a mathematical checkoff list consisting of 45 mathematical 
competency items which respondents were asked to rate on a three point 
Likert-type scale as ''necessary'', ''desirable'', or ''not needed''. 

The data presented in the study show that 18 mathematical knowledge 
and skill items were judged ''necessary'' by 50 percent or more of the 
Peg sone from the Motor Mechanic sample; 20 items were judged 
'necessary'' by 50 percent or more of the respondents from the Heavy Duty 
Mechanic sample; and 25 mathematical knowledge and skill items were 
judged ''necessary'' by 50 percent or more of the respondents from the 
Welder sample. 

The study presents data in the form of compound bar histograms and 
proposes a method of using these histograms to design mathematics 
courses whose curricular objectives will meet the needs of students 
enrolled in the high school vocational education programs in Automotives 


and Welding. 
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CHAPTER 1 

THE PROBLEM 

Introduction 

The enactment of the Technical and Vocational Training Assistance 

Act marked the beginning of a new era in the long history of Federal 
Government participation in technical and vocational education in Canada. 
Cohen, (1964) traced the history of vocational education in Canada and 
enumerated the developments which led up to the passing of the Act in 


December, 1960: 


The financial involvement of the Federal Government 
in Vocational Training goes back half a century to 
the years immediately preceding the first world war. 
The Agriculture Instruction Act of 1913 provided 
$10,000,000 for projects in agricultural training. 
The Technical Education Act of 1919 did the same for 
industrial and technical education and introduced 
the principle of matching provincial capital ex- 
penditures. The Vocational Training Coordination 
Act of 1942 established the added principle of 
federal contribution to operational expenditures. 
This act was replaced by the Technical and Vocational 
Training Assistance Act of 1960. 


1. The acceleration of technology which has been 
particularly apparent in the post war years, has 
brought a growing demand for workers with higher 
levels of education and training and with the 
ability to adapt to a continually changing 
environment. The employment group embracing 
skilled, professional, and white collar jobs has 
been growing faster and is larger in numbers than 
the group consisting of semi-skilled and unskilled 
jobs. 


2. Canada has been faced with the serious problems of 
young people leaving school too early. The ma- 
jority of youths who have been entering the labor 
force have not had sufficient education to meet 
the needs of industry. 


3. The 15 to 19 year-old age group has been growing 
rapidly since 1960 and will continue to do so 
until 1970. 
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4. The level of education and training of those 
already in the labor force is also cause for 
concern. About 43 p.c. [percent] of the work 
force in 1960 had an education of grade 8 or 
lese. MN ppw yoy 730) 
The Act (Statutes of Canada, 1961) which resulted from the recognition 
of the above factors provided for Federal Government assistance for 
nine different kinds of programs. The one which concerned this study 
referred to secondary schools: 
The minister may, with the approval of the Governor 
in Council, enter into an agreement with any 
province, for a period not exceeding six years, to 
provide for the payment by Canada to the province 
of contributions in respect of the costs incurred 
by the province in undertaking a program of 
technical and vocational training in the province 
for the training of persons in technical or 
vocational courses given in regular secondary 


schools in the province where such training is 
given as part of. the regular secondary school pro- 


gram.. (p. 39) 
Alberta entered into such an agreement with the Federal Government and 
the massive building program which ensued resulted in the opening, in 
the fall of 1963, of vocational high schools in the larger population 
centres throughout the province. 

The new vocational high schools were organized as comprehensive 
schools which offered, in addition to vocational education, a full range 
of programs including academic university-matriculation, general non- 
matriculation, as well as a wide Eisice of optional subjects. Most of 
the vocational subjects, especially the ones which were of a technical 
nature, were half-day programs yielding fifteen or twenty credits per 
year in Grades 11] and 12. Students enrolled in vocational programs 
spent approximately half of their school day in the vocational subject 
while the other half of the day was devoted to the academic or general 


subjects needed to complete the requirements for the Alberta High School 
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Diploma. This seemed to be an adequate arrangement because it provided 
for acquisition of skills specific to an occupation while still doing 
justice to the traditional general knowledge objectives of education. 

The academic and general subjects offered by the vocational high 
schools held a position in relation to the vocational subjects which went 
much beyond simply providing a balancing component of general education. 
This was due to the fact that many of the vocational subjects dealt with 
technologies which were founded upon the academic disciplines, notably 
the mathematics and the physical sciences. These subjects were perceived 
as necessary studies parallelling the vocational offerings, often to the 
point of being prerequisite to their successful mastery. Kidd and 
Leighbody (1955) referred to these supporting disciplines as ''related 
subjects'' and discussed approaches and strategies teachers of these sub- 
jects were to employ to insure that they were presented to the students 
as they applied to the various vocational subjects (pp. 177 - 188). 
Teachers of vocational subjects were therefore keenly interested in the 
quality of instruction in academic and general subjects and in the 
appropriateness of their curriculum content for vocational education 
students. 

Of the academic and general subjects, the one that seemed to a- 
rouse the most concern on the part of vocational Sineaeors was mathe- 
matics. One can only speculate as to why mathematics was singled out 
from among the other related subjects but it may have been because of 
the importance that basic mathematical skills have in subjects that are 
trade oriented, or because, shortly after the initiation of the high 
school vocational education programs, mathematics instructional ob- 
jectives and curriculum content underwent a change in emphasis signalled 


by the advent of ''Modern Mathematics'’, 
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In order to more fully appreciate the implications of the change of 
emphasis referred to above, it was thought advantageous to examine some 
of the considerations which affect selection of subject matter for 
curriculum content. Smith, Stanley and Shores (1957) presented five 
standards that had been used by curriculum workers to guide their de- 
cisions about subject matter selection. The first standard related to 
the significance of subject-matter to an organized field of knowledge; 
does it fit into a series of specialized sequential courses? The second 
standard was concerned with survival; had the subject matter withstood 
the test of time? Thirdly, was the subject matter useful in preparing 
people for the performance of activities thought important to life? 
Fourthly, was the subject matter interesting to the learner? Did it meet 
his ''needs''? The fifth standard asked the question ''does the subject- 
matter contribute to the growth and development of a democratic so- 
ciety'' (pp. 133 - 137). These principles have been applied either singly 
or in combination to govern decision-making in the area subject-matter 
selection for curriculum content. The change in emphasis referred to 
above was manifested in increasing concern with satisfying the first 
criterion when selecting curriculum content in mathematics. Worth (1964) 
wrote as follows in The A.T.A. Magazine: 

In essence, what is being proposed by writers like 
Jerome Bruner in Process of Education is that what 
is taught should emphasize the structure of the 
subject . . . Here in Alberta the emphasis upon 
structure is beginning to make itself felt through 
the new elementary mathematics program based on 
the Seeing Through Arithmetic texts. (p. 7) 
Need for the Study 


In recent years, as evidenced by reports in the news media, 


periodical articles, and reports of research findings, there has been 


n 


Pena a 


Vis 


’ 
7 | 


na eke ed eae evi i mpg: | 


a Gey 


one mit 276i 


Ee ee een 


be | Jaa pr ay Le (wade Beng 


re 


| "a 
1a ie 


Us (le) a4 ety rae wae sinha ae " 
a 
8 


_ 


226 Fu 4 a4gh irae | able ie Wipgewt 
2 


‘Sled 


re rap 3) @ ie: nA iz? se) tae Aa Ge ti 
iat Stree 1g a oa RTE, Shes tind 


Oe Ayia Geile kbaye water wnt ae: if 
% bedi bee ie, ue “een o Y 

wah ey wn iio » iis bednbeats 
‘4 inh) 8 ee | 


; hf 


ot}. ai es agian Hue er ele alc 


WPS Pi 


A fu - we 


a 
Le Pi 


es 


Pn | 


; 
oor ag 
et, a 


‘« Sve i? mr 
; vi ‘ 
winditiee ih we Gn lesen am ie abit dipd'a wre 
a Li 

edin Or. at fn a mutually we ‘Dpto 49° Hewitt oe 

tities Aton wag pt eel ti Gi Qe 
; a ae Paid 

rey 


"@e bat 


> 
= 


aL rh. BS 
ca a Nee 
ie A ie 
wide; spepiaioy, 
: Aggindey, > a 

Hic oka 


a 


wh 


ane ) 


96: 


ei ei Shi ay a rit ribeye Se + hau: at 


sis 


saat rel punta: 73 exlagen ing eat 


ie lee 


LAr ia 


Ui eee, 


mounting public concern about the adequacy of mathematics instruction 
and the appropriateness of mathematics curriculum content in the publicly 
supported schools. As an example, a report in Edmonton Journal entitled 
"New Math Just Doesn't Add Up'' (July 19, 1976) stated in part: ''The new 
math has been a wipeout, mainly because teachers don't understand it and 
the textbooks they use are a rip-off'' (p. 1). The controversy raged over 
a value judgment as to why mathematics should be learned. At one extreme 
is the view expressed by Carmichael (1922) who stressed the ''larger 
human worth of mathematics'' and stated that ''mathematics is autonomous 
logically, the mathematical sciences can be developed in complete 

independence of other sciences'' (p. 462). An opposite view was expressed 
by Kline (1958) who wrote: 

It seems curious to me that when the modernists 

talk about applications they make no mention of the 

application of mathematics to mechanics, sound, 

light, radio, electricity, plasticity, chemistry, 

chemical physics, physical biology, and the various 

branches of engineering. (pp. 420 - 421) 
In short, was mathematics to be learned as a mental exercise purely for 
its own sake, or was it to be learned for application as a tool in every- 
day life and work? 

Even if one were to have accepted the view that mathematics should 
be learned for use as a practical tool, there did not appear to be enough 
information available on exactly what mathematical knowledge and skills 
would serve a given purpose. Referring to this problem, Griffiths and 
Howson (1974) wrote: 

Ignorance concerning what users of mathematics 
actually need, as distinct from what academic 
mathematicians think they may need is beginning 
to be combated by certain surveys. These attempt 
to find out what mathematics is actually used by 


graduate engineers and mathematicians in their 
later employment. (p. 122) 
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Broad (1972) commented rather tangentially on the same general problem 
when he wrote: 

Insufficient studies on apprenticeship have been 

carried out in North America despite the fact 

apprenticeship as an educational method is both 

widespread and common. (p. 116) 
Nelson and Halfin (1976) stressed the need for direct approaches to 
curriculum development as opposed to the more frequently used indirect 
ones: 

Most curriculum developers have taken an indirect or 

discipline approach in answering these questions 

. All of the indirect approaches provide useful 

information. However, total reliance on them usually 

results in a curriculum which is not attuned to the 

students! present and future needs. (p. 246) 
In consideration of the foregoing expressions of opinion, it was con- 
cluded that there had been a lack of research on mathematical needs in 
occupations, on apprenticeship training needs, and also in curriculum 
development using direct methods. 

This study attempted to make a contribution to trade mathematics 
curriculum development by meeting each of the three challenges enumer- 
ated above. The researcher asked journeymen certificated in each of 
three selected trades to identify the mathematical needs of their 
occupations in order to provide data that may be used by curriculum 


developers in the design of high school mathematics courses to meet the 


needs of students enrolled in high school vocational education programs. 


Purpose of the Study 


The major purpose of this study was to identify the mathematical 
skills, knowledges, and understandings that certificated journeymen per- 
forming the functions of either supervisors or practicing tradesmen or 


instructors considered necessary to possess in order that they may be 
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able to practice their trade in a successful manner. More specifically 


the supporting objectives of the study were: 


1. To identify the mathematical knowledges and skills which were 
"necessary'' for journeymen to possess in order that they may be able to 
perform successfully in each of the three designated trades of Motor 
Mechanic, Heavy Duty Mechanic, or Welder. 

2. To identify the additional mathematical knowledges and skills 
which were ''desirable'' for journeymen to possess in order that they may 
be able to perform successfully in each of the three designated trades of 
Motor Mechanic, Heavy Duty Mechanic, or Welder. 

3. To devise for each of three trades, a trade mathematics histo- 
gram which graphically illustrates the importance of each mathematical 
skill required in each of the three trades named above and which may be 
used by designers of curricula for mathematics courses to be offered to 
students enrolled in the high school vocational education programs of 
Automotives and Welding whose corresponding trades are Motor Mechanic, 


Heavy Duty Mechanic and Welder. 


Delimitations and Limitations of the Study 
The study was delimited to the subject of mathematics and to the 
designated trades which corresponded.to the vocational high school pro- 
grams in Automotives and Welding. These were three in number and their 
relationship to vocational high school programs was explained by Alberta 


Department of Education (1976) as follows: 


Some Vocational High School Programs are similar in 
scope to the junior periods of some apprenticeship 
programs. In particular, similarities prevail be- 
tween . . . Automotives and Motor Mechanic ap- 
prenticeship, Automotives and Heavy Duty Mechanic 
apprenticeship . . . Welding and Welder apprentice- 
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The study was delimited to feuds arated trades which corresponded 
to the High School Vocational Programs in Automotives and Welding, name- 
ly, Motor Mechanic, Heavy Duty Mechanic, and Welder. These three trades 
were selected for inclusion in the study because of their correspondence 
to the vocational education programs in Automotives and Welding which 
were included in the same group of curricular offerings at St. Joseph 
Composite High School. 

The study was delimited to certificated journeymen functioning in 
one of three employment categories, namely, ''Supervisor'', 'Journeyman"', 
and "Instructor". 

The study was delimited geographically to the City of Edmonton, in 
the Province of Alberta. 

For the purposes of this study, it was assumed that the ability to 
apply mathematics to problems with unfamiliar elements was of prime im- 
portance and also that it was the highest level of outcome necessary to 
enable journeymen to function successfully in the practice of their 
particular trade (Bloom, 1956, pp. 112, 125). Since the application 
level was assumed to incluse the lower levels of knowledge and under- 
standing, the scope of this study has been delimited to the first three 
levels of the cognitive domain. In this connection, Bloom (1956) stated: 
"Objectives in one class are likely to make use of and be built on the 
behaviors found in the preceding classes'' (p. 18). 

The following limitations were inherent to this study: 

1. The study was selective in that restrictions were placed on the 
eligibility of journeymen for inclusion in the sample. 

2. The study was based on the respondents' perceptions which are 


subject to a variety of distortions as pointed out by Kaplan (1964, 


pp. 131 =" 134). 
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3. Quota sampling, a non-probability form, was used in the second 
stage of selection of the ''Journeyman'' stratum of each sample. 
4. The study was limited to the mathematical functions identified 
by the participants of the study. 
Significance of the Study 
Vocational high school program curricula, in order to be relevant, 
must reflect current practice in corresponding occupations or trades, so 
the curricula of general and academic subjects offered to vocational 
students must meet their needs in terms of those items of content which 
are relevant to their particular vocational high school programs. This 
study presents data which relate to items of content which may be used by 
designers of mathematics courses offered to students of the high school 
vocational education seh PERG in Automotives and Welding. 
Definitions of Terms 
The following definitions are operational and apply to terms as they 
are employed in the context of the study. 
Accelerated Pattern of Apprenticeship 
A shortened apprenticeship program which is arranged for eligible 
graduates of vocational high school programs. This pattern was referred 
to in Opportunities in Apprenticeship by Alberta Manpower and Labour 
(1973): "Accelerated patterns of apprenticeship are arranged for 
graduates of Vocational High School Programs'' (p. 3). The mechanics and 
conditions of eligibility for this pattern were described by Alberta 
Department of Education (1976) as follows: 
Some Vocational High School Programs are similar in 
scope to the junior periods of some apprenticeship 
programs . . . A person who presents to Apprentice- 
ship Authorities of Alberta Advanced Education and 


Manpower one hundred high school credits, including 
at least 35 credits in one of the above High School 
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Programs (excepting Beauty Culture) and an accepta- 
ble application for apprenticeship in the 
corresponding apprenticeship program, may be granted 
apprenticeship credit on the following basis: 

(i) For Building Construction, Electricity, Pipe 
Trades, Automotives, Auto Body, Sheet Metal, Machine 
Shop, Electronics - upon recommendation of employer, 
one year of time credit (3 months shortening of each 
of four 12-month periods) and First and Second 
Period Technical credit upon passing the examina- 
tions for these periods... (iv) For Welding and 
Food Preparation upon recommendation of employer, 
one year of time credit (four months shortening of 
each of three 12-month periods) and First Year 
Technical Credit upon passing of the First Year 
examination. (pp. 27 - 28) 


Apprenticeship 


A period of organized supervised training, both in school and on the 
job, to prepare an apprentice for achievement of journeyman status. This 
definition was derived from Canada Department of Labour (1957) which 
stated: 


Apprenticeship . . . is considered by advocates of 
this modern concept as meaning a period of organized 
and supervised training . . . such comprehensive 
training can only be carried out successfully by a 
properly organized and regulated system of ap- 
prenticeship which combines both school and ''on-the- 
job’ ‘training: ~(p..'7) 


Also, Alberta Manpower and Labour (1973) stated: 


Apprenticeship is a learning while earning 
arrangement. Apprenticeship is a training-on-the- 
job and trade school training program. Apprentice- 
ship is a certain route to Journeyman status. (p. 1) 


Finally, the above definition was supported by British Columbia De- 
partment of Labour which stated: 


The term ''Apprenticeship'' as used today means 
supervised employment to learn a skilled trade or 
occupation. A skilled trade consists of two main 
parts - manual skill and technical knowledge. 
Manual skill is obtained mainly through experi- 
ence on the job under the direction of a skilled 
person engaged in the trade - a tradesman. 
Technical knowledge is acquired at special 
ttaining, classes. (p. 32) 
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Apprenticeship Act 
For the purpose of this study Nielsen (1973) provided a suitable 
definition for the term Apprenticeship Act: ''An Act passed by the 
Alberta Legislature in 1944 governing apprenticeship training!’ (p. 16). 
This definition is also supported by Canada Department of Labour (1957) 
which stated: ''The present Alberta apprenticeship program came into 
existence with the passage of the Apprenticeship Act in 1944'' (p. 8). 
Articulation 
An arrangement whereby vocational high school program graduates who 
meet certain requirements may be admitted to an accelerated pattern of 
apprenticeship in a corresponding trade. Alberta Manpower and Labour 
(1973) stated: ''Accelerated patterns of apprenticeship are arranged for 
graduates of Vocational High School Programs.'' Also, Alberta Department 
of Education (1976) stated: 
A person who presents to Apprenticeship Authorities 
of Alberta Advanced Education and Manpower one 
hundred high school credits, including at least 35 
credits in one of the above High School Programs 
(excepting Beauty Culture) and an acceptable appli- 
cation for apprenticeship in the corresponding ap- 
prenticeship program may be granted apprenticeship 
credits on the following basis. (p. 27) 
Automotives 
A vocational high school program which corresponds to an apprentice- 
ship in the Motor Mechanic and Heavy Duty Mechanic trades. Alberta De- 
partment of Education (1976) stated: ''In particular, similarities 
prevail between . . . Automotives and Motor Mechanic apprenticeship, 
Automotives and Heavy Duty Mechanic apprenticeship!’ (p. 27). 
Corresponding Trade 


A designated trade whose apprenticeship program, in its junior 


periods, is similar in scope to a given vocational high school program. 
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Alberta Department of Education (1976) stated: 
Some Vocational High School Programs are similar 
in scope to some apprenticeship programs . . . and 
an acceptable application for apprenticeship in 
the corresponding apprenticeship program. (p. 27) 

Designated Trade 

A skilled trade which comes under the terms of the Apprenticeship 

Act. Canada Department of Labour (1957) states: 
The present apprenticeship program started in a 
modest way in 1945 with the designation of seven 
skilled trades under the terms of the new Ap- 


prenticeship Act. By 1956, there were 15 trades 
designated under the Act. (p. 9) 


Employing Agency 

Any business establishment, corporation or institution which employs 
journeymen. 
Heavy Duty Mechanic 

A competent craftsman who, through skill and knowledge, is capable 
of repairing any of the intricate units which constitute modern station- 
ary power units and mobile industrial equipment. This definition was 
provided by Alberta Advanced Education and Manpower (1973) in its Heavy 
Duty Mechanic Program booklet (p. 1). 


Instructor 

A certificated journeyman who instructs in or teaches a particular 
trade or trade subjects to apprentices or to students enrolled in 
vocational high school programs of study. The term was used to describe 
one stratum of each of the three populations sampled in this study. 
Journeyman 

A person who holds a certificate of proficiency in his trade awarded 


under the terms of the Tradesmen's Qualification Act (q.v.). 
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Junior Period 
This term referred to the Technical Period in the first year of 
some apprenticeship programs and to each of the first two years of 
others. This definition was established by the Alberta Department of 
Education (1976) which stated: 
Some Vocational High School Programs are similar in 
scope to the junior periods of some apprenticeship 


programs . . . and First and Second Period Techni- 
cal Credit . . . and First Year Technical Credit. 


(pps 27) =1128) 
Motor Mechanic 
A confident craftsman who, through the competent application of his 
skills and knowledge, has developed the diagnostic and repair abilities 
required to satisfactorily service the basic as well as the technically 
sophisticated components of the automotive units being used today. This 


definition was provided by Alberta Advanced Education and Manpower (1974, 
palit) 


Provincial Apprenticeship Board 


A five member Board established under the terms of the Apprentice- 
ship Act to advise the Minister of Industries and Labour on all matters 
connected with the general conditions governing apprentices. In addition 
to the above, Canada Department of Labour (1957) stated: ''The Board con- 
sists of five members, one representing industry, one from organized 
labour, one representing education, one member from the Department of 


Industries and Labour and a chairman appointed by the government'' 
(ppeeg 0)! 


Related Subject 


Any theoretical subject such as science, technology, or mathematics 


which forms part of or helps the assimilation of the occupation being 
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taught. This definition was given by International Labour Office in its 
T. & D. Abstracts (1975, p. 7). It was also supported by Alberta 
Manpower and Labour (1974, p. 4). Larson (1972) made a distinction be- 
tween general education related courses and technically related courses. 
General education was defined by this writer as ''basic or fundamental and 
liberal education'' while technically related courses were defined as 
"Those courses that directly provide knowledge information essential to 
the performance of the specialty'' (pp. 24 - 27). 
Supervisor 

A certificated journeyman who is a manager, owner-manager, foreman 
or other type of supervisor who is in daily contact with practicing 
journeymen in a particular trade. 
Technical Period 

A free trade school course of four to twelve weeks in each year of 
apprenticeship. This is the trade school part of the apprenticeship 
program. It was described in Alberta Manpower and Labour (1973) as 


follows: 


Apprentices under contract are required and privi- 
leged to attend training courses designed for their 
particular trade. These are short courses of four 
to twelve weeks in each year of apprenticeship. 
Fees are not charged for them. (pp. 4 - 5) 
Tradesmen's Qualification Act 
An Act passed by the Government of Alberta in 1936 establishing the 
principle of qualifying as a journeyman by the passing of practical tests 


and examinations and prohibiting unqualified persons from engaging in 


designated trades. This definition was given by Canada Department of 


Labour (1957, p. 9). 
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Vocational High School Program 


A three-level (Grades 10, 11, 12) series of courses yielding at 
least 35 credits in a career field. These are listed by Alberta De- 
partment of Education (1976, p. vii - xi) under "Industrial Education". 
Vocational Student 

For the purposes of this study, any student who is registered in a 
vocational high school program of study. | 
Welder 

A competent craftsman who, through his skill and knowledge, is capa- 
ble of fabricating metals by fusion. This definition was furnished by 
Alberta Advanced Education and Manpower (1973) in its Welder Program 
booklet (p. 1). 

Population and Sampling 

The three populations for the study consisted of three discrete 
groups of certificated journeymen, one from the Motor Mechanic trade, one 
from the Heavy Duty Mechanic trade, and one from the Welder trade. Each 
of the three populations listed above was stratified on the basis of the 
functions performed by the journeymen. The first stratum, called 
'Supervisors'', consisted of certificated journeymen who were managers, 
owner-managers, or foremen who were in daily contact with practicing 
journeymen. The second stratum, referred to as ''Journeymen'', consisted 
of practicing certificated journeymen who were judged to be successful 
by their supervisors. The third stratum, labelled ''Instructors'' for the 
purposes of this study, consisted of certificated journeymen who were 
employed as instructors or teachers and who were instructing in or 
teaching trades or trade subjects to apprentices or to students regis- 


tered in high school vocational education courses. The populations were 


a, 


ny a Nats anes e Aty LP i, 


1 44 TA el Vie || er oe Se ait ec 


we Gov ere wane ie Sats f ia “ ‘ i ay! ras 
x. < 
tr! Wagelee (a1 AE pew 2ombete Vu vase 


YOUNES C1. Oe 


‘hiciee S' ii Aids A, adios ‘ «i 8 say 

yd ‘teyiie | : > Pile LUT vo vitl Gy FRO aes ety sigie 
i ne peNe ty eiWiiy rol ve ant ake wii 0 

a uy wih o 

t gat <I LSet | 

ee at aA ee iddae: Sait D haat: hie 

SUD Bol allah Ppenety ait ¢, feat ane ayia tart iplench 

Wr eer Pah ee né ne joveny sna sl 


anak Xo olan atx wi bal ijk ita, caw ones. Hacked fiaiins Boel gily 


; ha!) ay Herre ise ser 7-1 aihwian ra] aa wh PADI Ht 


a 
CVIFEHEM SVs hy Sik re > Lots sid ines F ‘bates, a 
Pi sete We Tee yet eter. sve ut nghehnt 5 “ogee 


Wed : ‘t ID >=,.7 f Oe an iisiet.* J os We 151 pee (i> hots Sr amen 
=. " x eto 


Y 


Wt Bios dip y) UR Stir tem pier ipeiaye i ob bayey >: 
; / ay B96 $ 45) ¥ ” om ie ‘to, 
wel ie os oo UF? pia la | i MUTED i6y on aa! Pe : ack | oy ee tog Pon tp | 
1 i 1 eeS ¥ Vr is), | Has " r | 
Ta, 1959 Wr base ie ead os Hoe ie ty eh 

i . 3 } : ae OS UNG Safa) OFTUA Teil’ ae twee palhqeres ij 
a eS 5 : ‘i 

a ‘ 3 TE OF 270R ae oisa7 © Phew? pvirtawes 

i sug) ae) ugh ; ai éniey Ws Lsesiba> tart y<yiy yoo ae yl baw) 
af ) ; y 


v, Soy) 
: = Fr <p) @4 ae 
aon iat i. A W a _ 


divided into three strata yielding a total of nine subgroups for sampling 
purposes. 

The design of the study called for a two-stage sampling procedure 
for the "Supervisor" and ''Journeyman'' strata of each of the three popu- 
lations. This approach which was referred to by Selltitz, Jahoda, 
Deutsch, and Cook (1967, p. 534) was chosen for reasons of feasibility 
and practicability. For the first stage, three lists of employing agen- 
cies were compiled, one for the Motor Mechanic trade, one for the Heavy 
Duty Mechanic trade and one for the Welder trade. Using a simple random 
sampling procedure without replacement, five employing agencies were 
selected from each list giving a total of fifteen. D. Raj (1972) ex- 
plaining this selection procedure stated in part: 

A basic method of sample selection is simple random 
sampling. In this method each unit of the popu- 
lation has the same probability of being selected 
in the sample. The selection is usually made with 
the help of random numbers after the units in the 
frame have been numbered from 1 to N .. . In case 
the same number occurs again, the repetition is 


skipped . . . If repetitions are included, the 
sample is said to be selected with replacement. 


(p. 32) 
For the second stage of sampling, a quota sampling approach as referred 
to by Selltitz, Jahoda, Deutsch and Cook (1967, pp. 116 - 120) was used. 
The service manager, owner-manager or foreman from each of the five 
employing agencies selected from each trade group was designated a 
member of the ''Supervisor'' subsample for his trade category. Each of the 
15 'Supervisors'' was asked to select from the group of journeymen who 
worked under his supervision two individuals on the basis of success as a 
practitioner of his trade and years of experience in the trade. These 30 
selected individuals were designated as members of the ''Journeymen'! sub- 


samples to complete the three samples. The three samples, in their final 
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form, each consisted of five ''Supervisors'', ten ''Journeymen'', and five 
"Instructors'' giving a total of 60 subjects in all for the three samples. 
Methodology 

The design of this study called for opinion data to be obtained from 
three categories of certificated journeymen in each of the three skilled 
trades of Motor Mechanic, Heavy Duty Mechanic and Welder. Stratified 
samples were drawn from each trade category population of certificated 
journeymen. 

The research instrument for the study was a questionnaire in the 
form of a mathematical checkoff list similar in structure to the one used 
by Laws (1966) for his study, Mathematical Expectations of Technicians, 
(pp. 48 - 51). The questionnaire consisted of 45 mathematical knowledge 
and skill items idvelonser con a number of sources including Wilson 
(195 2eepp'a 204> 629), Caniton (1953, n4ppww 8. <9)-,. Laws: (1.966 scppie48. - 51), 
Smith (1973, pp. 78 - 80), Fitzgerald (1976, pp. 43, 44), as well as a 
number of textbooks and other trade references. Respondents were asked 
to rate each of these mathematical knowledge and skill items on a three 
point Likert-type scale as either ''necessary'' or ''desirable" or ''not 
needed'' for the successful practice of the trade they represented. Also 
included in the questionnaire was a section for remarks and additions by 
the respondent. 

The research instrument for the study was submitted to a specialist 
in Mathematics Education for the Mathematics Department of The Universi- 
ty of Alberta for review and criticism. The instrument was also reviewed 
by a specialist in instrument design of the Department of Educational 
Psychology of The University of Alberta. 

A pilot study was carried out for the purpose of pointing up any 


possible errors or inadequacies which might have been present in the re- 
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search instrument. The pilot study was conducted among a group of nine 
subjects selected on the basis of one representative for each stratum of 
the three populations. All but one of the pilot study subjects remained 
as elements of the populations and were therefore eligible for selection 
as sample subjects for the main study. The lone exception was a welder 
who was not a population member by virtue of the fact that his place of 
business was located outside of the boundaries of the City of Edmonton. 

Pilot study participants were contacted by telephone, given a brief 
explanation of the purpose and method of the study, and informed that 
they could expect to receive a questionnaire within a short time. The 
questionnaires were then delivered along with a covering letter and a 
stampled self-addressed envelope. The responses were analyzed by the re- 
searcher and the information thus gathered served as a basis for modify- 
ing the research instrument as deemed necessary before it was used in the 
main study. One area of particular concern was the unavoidable use of 
mathematical terminology which might have been misinterpreted or not 
understood by respondents thereby eliciting responses which might be con- 
sidered invalid. 

The modified and corrected instrument was printed and readied for 
distribution along with a covering letter outlining the purpose and 
briefly explaining the methodology of the study. For the ''Supervisor" 
and ''Journeyman'' groups, arrangements were made by the researcher to 
visit each of the fifteen supervisors of the selected employing agencies 
for the purpose of delivering the questionnaires and obtaining the names 
of the subjects selected to complete them. The supervisors were asked 
for their co-operation in expediting the completion and return of the 


questionnaires. A follow-up call was made to any supervisors whose 
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questionnaires had not been received within one week of delivery. In 
addition to serving as a reminder, this call gave the researcher an 
opportunity to attempt to resolve any difficulties which respondents 
might have been experiencing in completing the questionnaire. 

For the ''Instructor'' category, the subjects were contacted by 
telephone and given a brief outline of the purpose and methodology of the 
study. They were asked to complete and return the questionnaires which 
would be forwarded to them along with a stamped self-addressed envelope. 

As completed questionnaires were received, responses were tabulated 
for each item in each of the three trade categories. The frequencies for 
each response category (''necessary'', "desirable'', ''not needed'') were 
converted into percent proportions of the total number of responses for 
each questionnaire item. These proportions were then used as a basis for 
the construction of compound bar histograms to graphically illustrate the 
respective proportion of each category or response to each questionnaire 
item. The information thus presented may be used by curriculum designers 
in the development of mathematics courses for students enrolled in high 


school vocational programs in Automotives and Welding. 
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CHAPTER 11} 
REVIEW OF RELATED LITERATURE 
Introduction 

The previous chapter dealt with the need for the study, the purpose 
of the study, the delimitations and limitations of the study, the sig- 
nificance of the study and definitions of terms used in the study. The 
chapter also included descriptions of the populations for the study, the 
sampling procedure used in the study, and the methodology of the study. 

This chapter consists of.a review of related literature which was 
undertaken in order to determine the importance of mathematical skills 
and knowledges as they relate to developing mathematical competencies in 
the skilled technical trades of Motor Mechanic, Heavy Duty Mechanic and 
Welder; to determine whether present school mathematics programs meet 
the needs of students who may choose to pursue a career in one of these 
trades; and to determine the mathematics content of textbooks and other 
trade reference works for each of these three selected trades. 

Educational literature was found to contain statements which seemed 
to suggest that learning was dichotomized as to intent into two branches 
the first being referred to as liberal, general, or academic education 
and the second being referred to as practical, vocational or occupational 
education or training. In addition to showing these two facets of edu- 
cation as being in opposition to one another, some educational writers 
and researchers such as Judkins (1926), Northrop (1955) and the Edu- 
cational Research Council of Greater Cleveland (1966) have made 
statements which suggested that the former was inherently more important 
or valuable than the latter. 

A more balanced review of the relation between the liberal and 
practical arts was presented by writers and researchers such as 
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Priestly (1947) and Fawcett (1964) who drew attention to the dual nature 
of mathematics as a computational device on one hand and as a rational 
structure on the other. Some writers and researchers such as Arnstein 
(1965) and Larson (1972) emphasized the academic content of occupations 
or the theoretical foundations of vocational subjects while others such 
as Kline (1958) suggested that theoretical knowledge has originally 
developed out of a need to solve practical physical problems. There 
seems to be general agreement among these writers and researchers on the 
proposition that most if not virtually all occupations require some 
knowledges or skills that derive from academic or general education. 

Having proceeded on the assumption that occupations did indeed have 
academic or theoretical knowledge and skill content, it followed that 
when the teaching of those occupations was undertaken, such teaching 
would include the academic or general education portion of the knowledges 
and skills which were deemed to be part of or necessary to the practice 
of those occupations. In practice, the academic or general education and 
other theoretical components of occupations have been organized into 
divisions by discipline and these divisions have been commonly referred 
to as related subjects. Among courses offered in subjects related to a 
given trade or occupation one might find such titles as Mathematics, 
Science, Communication, or recneereey: The content of these courses was 
usually restricted to what was required for teaching a particular occu- 
pation and no attempt was made to teach the whole subject. In some cases 
"core'' curricula of related subjects were developed to apply to two or 
more occupations or trades which had common or overlapping academic or 
theoretical requirements. 

One related subject which figured prominently in the technical 


trades was mathematics. Writers and researchers including Werremeyer 
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(1921), Larson (1972) and Smith (1973) have stated that most occupations, 
especially those of a technical nature, tended to have a considerable re- 


quirement for mathematical knowledge and/or skills. 


Academic Content of Occupations 

Several writers such as Larson (1972) and Rappaport (1976) and re- 
searchers such as Smith (1973) and Fitzgerald (1976) have drawn attention 
to the importance of academic or general education knowledges and skills 
in most occupations. The United States Office of Education in its 1963 
report on vocational education indicated that a lack of adequate training 
in mathematics and English had been a major problem for high school 
graduates seeking to enter many occupations and suggested that ''every- 
thing possible should be done to make these students understand that 
mathematics and English are a very crucial part of their future 
vocational success in many fields" (p. 11). In its 1964 report the 
United States Office of Education again stressed the value of the basic 
educational skills as a prerequisite for vocational education when it 
stated: 

Vocational Education can be effective only when the 
student has acquired the basic educational skills. 
Reading, oral expression, written expression, and 
numerical computation are important for all but the 
most rudimentary forms of employment. (p. 221) 

Arnstein (1965) drew attention to the academic content of many occu- 
pations and stressed the fact that though the physical aspects of an 
occupation may change, the academic content is more likely to remain the 
same. In order to illustrate his point, Arnstein used the following 
example: 

The panel seems to overlook to a great extent the 
increasingly abstract and academic content of many 


modern occupations. The bricklayer, if he is to 
remain employed, will continue to read blueprints 
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and diagrams although he may no longer work with 
bricks. Plumbers have learned to use plastic pipes 
instead of the traditional metal pipes, but they 
continue to need skills in numbers, in reading 
instructions, and for communicating with their 
colleagues. (p. 61) 

Johnson (1971) having consulted with representatives from business 
and industry reported that there had not been sufficient emphasis placed 
on preparation for learning technical skills. This researcher wrote 
"schools should tell students that they need to have a good foundation in 
math and physics before they can learn technical subjects'' (p. 60). 
Larson (1972) defined general education as "basic or fundamental edu- 
cation and liberal education'' and stressed its necessity for occupational 
education when he wrote: 

Certainly the ability to read and interpret the 
written word as well as the application of some 
mathematics is necessary for most, if not all, 
fields of vocational and technical education even 


at the most primitive stages and beginning levels 
as applied in the twentieth century. (p. 24) 


Mathematical Requirements of Occupations 


The literature on related subjects was found to contain numerous 
references to the mathematical requirements of various occupations in- 
cluding skilled trades. For example, British Columbia Department of 
Labour listed mathematics as part of the course content in 13 out of 22 
trade apprenticeship programs listed and implied mathematical content in 
five more of these programs (pp. 7 - 27). 

Kadushin (1942) pointed out that all kinds of jobs common in in- 
dustry had higher mathematical contents than generally believed. This 
writer also stated that productivity suffered from the fact that workers 
at all levels from engineering work through the skilled trades and down 


to the unskilled production jobs were deficient in mathematical compe- 
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tencies that would make them able to work more efficiently (pp. 260 - 


261). 

Laws (1966) in a study whose purpose was to determine the mathe- 
matical skills needed by technicians employed in Michigan industries 
found a high level of need for computational skills normally downplayed 
in modern mathematics programs and found no need for natural logarithms, 
number theory, probability, set theory, inequalities, methods of proof 
and reasoning, calculus, and many other items which tended to form an 
important part of these programs. Laws also made the point that while 
neglecting mathematical skills deprives the student, it is possible to 


err in the direction of excess: 


If the student acquires too little mathematical skill 
he will not be able to function as a technician. But, 
if the mathematical requirements are unrealistic, many 
prospective technical workers will fail to qualify and 
the surplus of unskilled workers and shortage of 
skilled workers will continue. (p. 19) 


The United States Office of Education's Diesel Servicing Curriculum 
(1969) included a section entitled ''Basic Mathematics'' which called for 
48 hours of classroom instruction in mathematics. The course description 


of the Diesel Servicing Curriculum provided the following summary for 


basic mathematics: 


Basic Mathematics - covering such topics as whole 
numbers, fractions, decimals, and percentages - 
play an important part in making many of the 
calculations necessary in the Diesel service area. 
Precise measurements calling for close tolerances 
can be made only with a thorough understanding of 
the use of measuring devices. A knowledge of 
certain formulas as they apply to volumes, 
efficiency of engine operation, calculating 
horsepower, and the like are covered in this 


course. (p. 19) 


Larson (1972) described mathematics as a ''tool subject'' and stated 
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that as such, it performed two basic functions: 
First, it may be used as a method in teaching 
principles of science and technology. Secondly, 
it is necessary for calculations and computations 
essential for operations and jobs to be performed 
in the shop and laboratory. (p. 38) 

Smith (1973) in a study which was conducted with workers and super- 
visors in a variety of geographical areas in the Province of Saskatchewan 
and whose purpose was to identify generic skill components of tasks and 
subtasks carried out in 27 different occupations found a high frequency 
of basic mathematical skill requirements in virtually all of the joccu= 
pations analyzed (Appendix 3, pp. 1 - 120). 

A. Fitzgerald (1976) of the University of Birmingham (England) 
School of Education conducted an investigation into the mathematical 
requirements of an Engineering Company for its beginning craft and 
technician apprentices. Information was obtained from students' 
notebooks and from discussions with training officers, and the results 
were verified by visits to other companies. From this information this 
researcher compiled a catalogue of mathematical items taught to beginning 
craft and technician apprentices by engineering companies. This list 
included metric and imperial units, ability to draw neat diagrams, 
parallel lines and symmetry, measurement of angles, commonly used 
fractions, manipulation of formulas expressed as fractions, simple 
decimals, conversion of vulgar fractions to decimals, the four rules 
applied to whole numbers, vulgar fractions and decimals, estimates and 
approximations of simple calculations, order of operations, standard form 
and powers of ten, simple two and three dimensional shapes, volumes of 
simple solids, percentage calculations, appreciation of tolerance, 
knowledge of and application of formulae, manipulation and substitution 


in formulae involving vulgar fractions and decimals, an understanding of 
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the derivation of ee appreciation of ratio, Ohms' Law, simple 
graphs, interpolation on a scale, positive and negative values, ideas of 
error and of the relative importance of an error. Fitzgerald explained 
that while the apprentice was ''not expected to have met all items while 
at school, or necessarily to be very competent in all those they have 
met'', considerable competence was desirable in many of the items such as 
calculations based on vulgar fractions and decimals and equations con- 
taining one unknown which are likely to be met by the apprentice during 
the first few weeks of work. It was not necessarily expected of pupils 
that they should be familiar with applications of mathematical ideas to 


workshop practice (pp. 43 - 4&4). 


Mathematics Programs: Evaluations and Comments. 
Kline (1958) emphasized the fact that curriculum designers in 

mathematics were moving ever further from reality when he wrote: 

The traditional curriculum is already meaningless, 

and by heading for abstract mathematics the 

modernists are moving farther away from reality. 

To teach pure mathematics apart from physical 

problems is to lose the gold and keep the iron in 

the ore of real mathematics. The meaning of 

mathematics, if | may be somewhat paradoxical is 

not in mathematics. (p. 424) 
It is noteworthy that Kline not only faulted the modern mathematics 
curriculum, but also found the traditional one wanting. Also, Kline 
addressed the problem of motivation in mathematics instruction and made 
the point that ''for young people at least, the motivation for a mathe- 
matical idea or method is not a more advanced mathematical idea or 
method''. This researcher argued that ''we must motivate each topic with 
a genuine problem and show that the mathematics does something to solve 


that problem'' (p. 426). Elaborating on this point, Kline wrote: 


In view of the actual motivation for the creation of 


ay. | as: Pee 


- -E4 se 

SG; ¢ yetn ae? » i 2aQrtS eit 106 gaa 
; 1 se ay ’ 
’ ; gre 


wy onW) ,eNiinwees | on bnk SVT Lab y 


‘ ts . aT 
far ie fc GP ahmeies rink TOeman 
» tig Ia j v CL a ’ 
Mine el Pr Al gee 
; fA ee 
* a 
' Tis VRE) ety? Cot 


me fe | Le a, = 


ate 


| phillies (malay amb abi 
* nel 49 (eh by dae o ) Fact | pe) aa ses 


diz @, AM Pe ies ard. yee 


svat ihign’ glbwe Thy fe 

1 ur a VP gery a! j 

ABT a3" iP, Neg -% Trea es 
Lame Phy rie’ Wifagesty a wt is ? of ¥ ns a 

Pal v7 per 4: ca iaely sip ergy aay f " 7 ; ‘i 


ie uty a Ben i Me 
i ¥e¥ieortes a :* vem! bh 1}: Je seh aly ru 
-o) a emetion ei aon odode 


entitle tra sragitan ees toad nied che Ta @QhPS. name pores nee a | 


Sey yay!) Ae a ch rc ini be at Beg sesh sud ti a 


Pi ee ime) atch yer a neers vider a ‘ein arty Dae nthe “" 
n o 

“Sefer » *) es Beas ee if Sf OU iB aigong a ay mr rit Ral cent ig 
ve! a bold p IG ht Hooniovds Sion &. A Zi Vedia 9° Gah) (as) fom 14, | 


ile mits”: “bee ee sds Gh, Sewn die ME thud! venesey abel sete aa 


‘ E P , ai f 
SVL? vp Ai Wes - ; O° 31) ean aneent Vane gira ti, ‘pel Ae ay sib atebp fi 
; ; ‘i ba 4 
Te BL " =F . TH f My. as oe = fast Ade 7 fam) o) Thies she fo, eggla a 
| oes ¢ We + TD afi? Er ~~ imgeé ay Aw ni 


ay 


mathematics, the motivation we can use is the solution 
of simple, genuine, and basic physical problems. Of 
course, the social sciences, art, and music also pro- 
vide good problems. (p. 426) 

Travers (1965) in a study whose main purpose was to determine 
whether students exhibited preferences for solving mathematics problems 
based on some situations rather than others found that the study sample 
preferred solving mathematical problems that were directed at the social- 
economic, the mechanical-scientific, and the abstract problem situations 
in that rank order. This finding applied to both the high and low 
achievement levels within the sample although the high achievers selected 
the abstract problem-solving situations more frequently than did the low 
achievers (pp. TAG  Pl62)e 

Large school enrollments made possible a range of offerings within a 
subject area which accommodated varying interest and/or ability levels 
among the student population. In practice, this process involved 
grouping of students within a subject area into two or three levels and 
was generally referred to as ''streaming'’. In its rationale for revision 
of the high school mathematics curriculum, the Alberta Department of Edu- 
cation (1970) made specific reference to "'three streams of mathematics'! 
(p. 2). Also, the Alberta Department of Education (1971) stated: ''To 
deal with differences in ability, interest, and motivation, the curricu- 
lum in mathematics consists of three programs, each of which represents 
bee mathematics'' (p. 1). 

Johnson (1971) suggested a remedy for a perceived educational 
weakness about which representatives of business and industry were con- 
cerned: 


Schools should be more careful to train young people 
in precision [italicized in original]. For many, an 
approximation of the right form seems adequate. 
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Some of the instructional methods seem to tolerate 
haphazard or sloppy responses. Industry must 
Litalicized in original] have accuracy. (p. 60) 

Although streaming made possible program offerings suited to a 
broader range of student abilities or interests, its implementation has 
not been an unqualified success. Bowen (1966) referred to a common atti- 
tude on the part of educators toward less able students which results in 
their being shunted into applied mathematics courses. ''We proclaim a 
value system which says that applied mathematics is for dullards and 


assume that the better students will learn applications by some mysteri- 


ous osmosis'!' (p. 542). 


Mueller (1967) described a situation occurring in higher education 
wherein the neglect of mathematics applications by mathematics de- 
partments led to the development and teaching of utilitarian mathematics 
courses by other divisions of universities in order to meet the specific 
needs of their own programs. Mueller also thought the signs were 
ominous that a similar stalemate was developing at the school-mathematics 
level, expecially since the resurgence of vocational education programs 
whose students require mathematics ''of a vastly different sort from what 
is usually proposed for the liberal arts student'' (p. 705). 

Professor F. M. Arscott in his foreward to Rektorys' Survey of 
Applicable Mathematics (1969) commented on recent progress in mathematics 
and stated: ''This coincidence of an explosion of mathematical activity 
with greatly enlarged scope for its application is, unhappily, over- 
shadowed by a communication barrier. Between those who have mathematical 
knowledge and those who wish to use it, there lies a great gulf'' (ome? 1). 
Arscott proposed that abstract mathematicians might be made aware of 
"intriguing and challenging problems waiting for them in other fields" 


but he also advised the reader that ''mathematicians are not easily 
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tempted from their ivory towers!' (p. 21). 

Mallinson (1974) stated that doubts had begun to surface some time 
previously about the value of the new mathematics programs, especially 
as to their usefulness in the solution of contemporary practical 
problems: 

It was, of course, evident as far back as 1967 that 
the gravy train was beginning to run out of gravy. 
Concerns were being expressed about the applicability 
of the new program to national concerns, and par- 
ticularly concerning their contribution to the 
knowledge of students. Students learned to inquire 
about intangibles and nonsense objects in science 
courses, and learned about sets, rings and groups in 
mathematics but could not make change for a hot dog. 
Unfortunately, the programs did little to help the 
students understand environmental problems, the 


inpending energy crises, the problems of drugs and 
alcohol, and the need for marketable knowledge and 


skills. (p. 558) 

The Secondary School Mathematics Ad Hoc Committee of Alberta (1975) 
in a survey of high school mathematics found that 78 percent of re- 
spondents thought that time allotted to problem-solving was inadequate 
in current programs (p. 18). Among conclusions reported by the 
committee were that ''both conceptually and methodologically the current 
high school mathematics program is formal rather than intuitive or re- 
lated to applications'', and that ''there is a sore lack of emphasis on 
problem-solving!' (p. 30). | 

Peterson and Peterson (1975) wrote that teachers often have a dis- 
dain for teaching the non-academic, vocational, and service courses. 
The cause of this problem was likely to be ''fear of the unknown'' due to 
the fact that few mathematics teachers had worked in business or industry 
where they used mathematics. Thus, mathematics teachers were unable to 
communicate the uses of mathematics to their students because they ''do 


not know how to apply their mathematical knowledge except to the study 
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of mathematics or science!’ (pp. 84 - 85). 

Farnsworth (1976) reporting on a seminar organized to discuss 
"Modern Mathematics and Further Education for Industry, Trade and 
Commerce!’ stated that ''the industrial representative - senior people in 
engineering, insurance, printing, and the Post Office - strongly criti- 
cized the basic mathematical ability of young school leavers''. The 
author enumerated three points regarding the possible origins of mathe- 
matical difficulties in the schools and went on to suggest that ''some 
attention must be directed at these areas, if young school leavers are to 
be better equipped to meet the basic mathematical requirements of their 
employment, and to cope with the rigorous demands of vocational courses 
in further education" (p. 26). 

Rappoport (1976) described three groups of people of varying ability 
levels which made up society. The first group which included 10 to 15 
percent of the population was made up of the ''innovative and creative 
people who are really the great minds of society''. The second group 
which included 15 to 25 percent of the population was made up of ''great 
minds who, though not creators, are capable of understanding and 
appreciating the work of the creative people'' (p. 344). He went on to 
describe the third group and their mathematical needs: 

The third group of people is the 60 percent who 
compose the rest of society. They are the bulwark 
of society, the ones who make society function. 
They are the people who work in factories, on the 
farm, in shops and stores, and perform the duties 
of a well-run society . . . The 60 percent of 
children who are in the third group do not need to 
learn mathematics [italiciaed in original], 
certainly not as an abstract structured system. 
These children do need to learn the basic arithme- 
tic skills in order to function effectively in 
society. (p. 344) 


Pike (1976) in a study whose purpose was to evaluate the strength 
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of feeling among college lecturers that the implementation of modern 
mathematics in the schools had led to an apparent decline in the standard 
of those mathematical skills needed for vocational ends, found among 
other things that little use was made of ''modern'' topics in Further Edu- 
cation. Also, respondents' free comments showed that ''there is a strong 
feeling in Further Education that a change of emphasis is required in the 
teaching of 'modern maths' in the schools''. It was thought that more 
attention should be paid to manipulative skills with less concentration 
on some of the more abstract topics present on ''modern'! syllabuses 
fete? Je 

Reys (1976) reported the results of an extensive study of the compu- 
tational skills of young adults as applied to the solution of mathe- 
matical problems which are commonly encountered in everyday life. The 
subjects in this study ranged in age from 26 to 35 years and included all 
educational levels from ''less than high school'' to ''college graduate''. 
It was found that 30 percent of young adults, including 7 percent of the 
college graduates could not answer a problem involving the fundamental 
base-100 concept of percentage. Only about half of the subjects were 
able to calculate wages correctly from a time sheet which gave working 
times and the hourly rate. In a problem involving income tax, just over 
one half of young adults were able to determine the correct figure from 
a tax table. Only 16 percent of young adults were able to balance a 
cheque book though 87 percent of them had chequing accounts of their 
own. Even among college graduates, nearly all of whom had chequing 
accounts, fewer then one third were able to complete the chequebook 
exercise correctly (pp. 258 - 259). 

Another accusation of failure in the schools appeared in the 


Newsweek article titled ''The Valedictorian!’ (Sept. 6, 1976). This 
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article described the plight of a student who worked hard all through 
school and finally graduated as valedictorian. This graduate's hopes of 
attending George Washington University were dashed when he placed in the 
lowest 13 percent in verbal ability and in the lowest two percent in 
mathematics on the Scholastic Aptitude Test. The dean of admissions at 
George Washington University was quoted as saying, ''My feeling is that a 
kid like this has been conned. He's been deluded into thinking he's 
gotten an education . . . Sometimes | think averages are pulled out of 
the air''. The article's concluding statements said something about what 
is expected of the schools and raised doubts as to how well this expec- 
tation was being fulfilled: 

How does it happen that a valedictorian can barely 

read or compute as measured by standardized tests? 


How well are schools preparing students for 
college? (p. 52) 


Purposes and Objectives of Mathematics Instruction 


Werremeyer (1921), sounded a warning of the dangers of neglecting 
skill acquisition as an objective of mathematics education when he 


stated in part: 


With the lack of constructive supervision fitaliesoan 


original], there is great danger of teachers becoming 
so highly enthused about the multiplicity of infor- 
mational subjects that are now being advocated for 
the curriculum in mathematics that the pupils may be 
left woefully weak in arithmetic skill, the very 
point that needs most careful attention, because it 
is upon this point that schools meet adverse criti- 
cisms on every hand in the business and professional 
world. (p. 255) 


The criticism made by Werremeyer in 1921 was similar to that made by J. 
L. Chesney (1976) who complained that education was not doing enough to 
prepare students for a productive role in society. D. E. Smith (1921) 


thought that the most encouraging feature of the recent advance in the 
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teaching of mathematics was the possibility of a new and stimulating 
course in the subject: ''it allows mathematics to relate itself to the 
interests and apparent needs of young people instead of being presented 
as a purely abstract science!’ (p. 124). The foregoing seems to suggest 
that the problem of excessive abstraction and lack of application in 
mathematics education are not of recent origin but in fact have been with 
us for quite some time. 

Judkins (1926) stated that teachers of mathematics can be most 
effective by making the primary aim ''the study of the subject for its own 
sake, for the pleasure found in its pursuit''. In support of this view, 
she cited a 1905 study conducted among mathematicians by an unnamed 
French mathematical journal which reported that ''their interest was due 
to a desire to develop the subject for its own sake rather than for its 
applications". (p., 82). 

Rothe (1942) reminded mathematics teachers that 75 percent of their 
students would not go to college and should be equipped with skills that 
would be useful to them in trade and industrial jobs (p. 70). 

Priestly (1947) in an article entitled "Conflict Between Theoretical 
and Computational Mathematics'' drew attention to a distinction which 
existed between mathematics as a logical, symbolic expression of 
functional relationships or abs aca Ad as a device for computational 
purposes. While the theoretical mathematician found computation dis- 
tasteful, the mathematics teacher usually found it difficult to make the 
transfer from theoretical to computational mathematics because of lack 
of experience in the latter. Thus neither mathematicians nor mathe- 
matics teachers are capable of making the transfer from theoretical to 


computational mathematics for the average student (p. 24). 


= 


m1 Leet rie ven un 18 a Ey 
NM OF 71 OPE Ries es Sime) sorie 
pl iteerne anh Oe bee 2m) fi 9 ers oh 


+ pty “4 uae’ 4 Wiehe) sa att) ve 


spi s, Ai 
ee 
: g 
7 4 
, 


to. 01 ier oe 4 ifs MM) Jou Medea 
~The we LAY 
3% anes Gh, aes Ws Gen Sa 
i c ' cy 
oa 
. 


‘ypa, who Pw Vina ven, i. 4 19h nes eA 
4.0a2 au 
nan xd > 4 ie OnE Te yids 34!) ate Mal ogy att 


wity eA aMiige: al teeeh ah at 
i=" & al] eet os Verde Pend heed, 
MM 24ers i ane’ aft wreage* a pris haa | 


meet 
, 4 


a oe DAY 2 vegttaln es e¥ ema | “ a 
Ee rie er the Ko Sp and a 
j ae % 
‘i i iglidy Inisassi heim, sively ao aa igtom iw] 
baAshIgGI gsr « rating Te, Ray lov SiS tab Ae al ‘ent 1 Faae! Pane, . 
ht rhs a Lh a: Liat wottharns he ‘emt 16h): ‘- eceoel } 
a st deat s eh sateen Qateiige eapialy i 
lene ist Pb ith patio i ii, iat Windle ovr ot Tita fe |e noise 7 


ath ool: pe boat tao sh oart igh APA sete aut 
Hineten o9 rhe. le a §9 9 RPipiege ate! op | tert ain ngis etaree * a 
* 


Ae eo £21 deri lan iniewwe, 1 Tabi? evs ow mations | 
Le ih  neleatilae: vada ha att Pica rer eae! isis a : 
teats; id 1) SB ees IP -GhiAam 6 stages or eo by bad) #5 die 

(it. heathults “epic Sig WO? oo) deren ei 5: ag Par 
; i a j alee 
. | ; 


34 


More recently, Northrop (1955) expressed the opinion that secondary 
school mathematics was becoming less and less relevant to modern mathe- 
matics because it was slow to respond to new discoveries in the field of 
mathematics (p. 386). 

Smith, Stanley.and Shores (1957) commenting on studies concerning 
the usefulness of subject matter reported that in most cases, utility 
was defined in terms of frequency of use: ''those items of subject 
matter most often used by adults being considered the most useful and, 
hence, the most desirable as curriculum content". They cited one ex- 
ample where school children collected arithmetic problems encountered by 
their parents over a two week period (p. 135). 

Fawcett (1964) referred to the ''two faces'' of mathematics and 
stated in part: ''on the one hand, mathematics serves the needs of man 
as he tries to understand and manipulate his environment while, on the 
other hand, it deals with a body of concepts and principles as they 
slowly evolve into a noble, rational structure’ (pp. 451 - 452). 

The Educational Research Council of Greater Cleveland (1965) stated 
that mathematics education had two parallel objectives at the seventh - 


grade level: 


The first objective is a clear understanding of the 
structural interrelationships of numbers . .. The 
second objective is skillful and rapid computation. 
The first objective is a thinking process and 
cannot be hurried. The second objective is a 
mechanical process and should be practiced until 
the.pupileattains accuracy+4, (p., 182) 


Mueller, (1967) criticized the lack of specificity typical of 
mathematics objectives as follows: 


You didn't have to listen very long to realize how 
vulnerable we are in mathematics education. We, 
the missionaries and distributors of a product that 
knows no peer in precision and succinctness, do 
indeed state our objectives - our goals - in the 
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vaguest sort of rhetoric, couched in soaring 

platitudes, rich in fervor and zeal, but utterly 

devoid of any measurable criteria. (p. 705) 
Mueller suggested that the phrasing of mathematics program objectives in 
a vague manner creates difficulties in teaching and makes accurate evalu- 
ation impossible (p. 705). 

J. A. Rhodes (1969), Governor of the State of Ohio, when he spoke of 
the problem of the irrelevancy of present school mathematics programs to 
societal needs, cited the example of a carpenter who, though he had never 
heard of the Pythagorean Theorem, could make practical use of it in his 
work. Rhodes suggested that mathematics and science should be taught in 
relation to an occupation and real activities in which theory could be 
put to work (p. 25). 

Griffiths and Howson (1974) quoted Professor John Perry, a former 
physics teacher at Clifton College as saying in 1901: ''The study of 
mathematics began because it was useful, continues because it is useful, 
and is valuable to the world because of the usefulness of its results, 
while the mathematicians, who determine what the teacher shall do, hold 
that the subject should be studied for its own sake'! (p. 17). 

Brown and Kinney (1975) referred to Grade nine mathematics and 
suggested a re-examination of purposes when they wrote: 

The study of mathematical application is justified not 
only to support the study of mathematics as a science 
but also as a major purpose. It goes without saying 

that personal efficiency of the individual is enhanced 
as he learns more mathematics. That is, the range of 
problems he can attack is greatly increased. (p. 616) 

The secondary School Mathematics Ad Hoc Committee of Alberta (1975) 
conducted a survey of senior high school mathematics and reported that 


'The major concensus derived from the comments on the objectives is 


that: a) the applicability of mathematics to practical real life 
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problems should be emphasized; b) mathematics should be made more 
enjoyable'' (p. 2). 

Kapur (1976) stated that 90 percent of today's mathematics could be 
given up without affecting its applicability and reminded readers that 
"As mathematics becomes more and more abstract and moves further and 
further away from the sources from which the abstractions arise, its 
relevance begins to be questioned''. Kapur went on to explain how the 
relevancy of mathematics continued to be threatened when he wrote: 


Mathematics has always been a relevant component of 
human culture and a large number of mathematical 
scientists are trying to keep it so, but there are 
others who consider the question of relevance 
irrelevant. Fortunately, the latter have never got 
the upper hand, but the former group of mathe- 
maticians and the society which supports mathematics 
must always be vigilant. (p. 171) 


J. L. Chesney, (1976) general manager of the Edmonton Chamber of Commerce 
writing in Business Reporter, expressed views which might be considered 
typical of those which emanate from business and industry groups via 
their representatives: 


In looking over a recent publication by the Department 
of Education, | find that the goals of education 
certainly leave a lot to be desired by the business 
community. They are basically how to be a good 
citizen, how to understand the changes in the world, 
how to communicate, develop skills in communication, 
how to organize, analyze and use information, how to 
get along with others, learn about the use of leisure 
time, how to understand health and fitness and to 
appreciate the culture and beauty of the world and 
develop basic and special knowledge competencies. 

Now the one that really turns us on, of course, is the 
final one which is develop basic and special knowledge 
competencies. (p. 5) 


Having found the goals of education inappropriate for the business 
community, Chesney proceeded to describe the criterion by which he 
judged the validity of the schools! curriculum: 


lf a student is going to spend 12 years in elementary, 
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junior and high school and then go on to further 
education at the University of Alberta it certainly 
seems realistic that after giving up and devoting 
that kind of time to learning they should certainly 
come out with the skills of the economic system 
that they are going to be asked to make a living in 

It just seems realistic to me to suggest to 
the education system of our province that when they 
graduate a student, that can immediately go out into 
the work force into whatever field they choose and 
be productive in that work force, and to help and 
create and generate the economy that is needed to 
move this country ahead. (p. 5) 


A case for stating instructional objectives in vague and general 
terms was presented by Zahorik (1976) when he wrote: ''General objectives 
develop democratic ideals because they permit the kinds of freedom that 
a democracy espouses'' (p. 417). 

Opinions of Mathematics Educators 

Harding (1968) in a study entitled ''The Objectives of Mathematics 
Education in Secondary School as Perceived by Various Concerned Groups'' 
found a marked divergence between the opinions of teachers and those of 
other adult groups on the importance of practical arithmetic skills. 
This researcher reported that the objective of becoming adept at 
applying arithmetic to problems of business and personal finance ''was 
rated much higher by every other adult group than by mathematics edu- 
cators!' ape -1N 7). 

Oregon State Department of padcae Sa (1975) alluded to a problem of 


divergence of opinion between teachers and users of mathematics when it 


made the following statement in its Oregon Vo-Tech Mathematics Project 
Final Report: 


Consider more extensive use of industry people to 
assure relevance of problem sets. (Make sure 
problems reflect actual needs of industry rather 
than what instructors perceive those needs to be) . 


(ps-4ail) 


Olson and Freeman (1976) conducted a study whose purpose was to 
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determine which objectives for junior high school mathematics were con- 
sidered most important by each of four interested groups. Teachers, 
parents, students, and professors of education were asked to rank, in 
order of perceived importance, fifteen objectives obtained from a search 
of related literature. These researchers found that the three objectives 
perceived as most important and selected in the same order by both 
students and parents were, first, ''To develop mathematics skills used in 
daily living, i.e., be able to use mathematics in business and personal 
finance e.g., insurance, taxes, discount, etc.'', second, ''To be able to 
add, subtract, multiply, divide, and to solve equations correctly in 
arithmetic and algebra'', and third, ''to acquire the process skills re- 
quired in obtaining mathematical knowledge, e.g., methods of reading, 
finding information, the way of thinking, and using the knowledge'' (pp. 
53 - 54). Olson and Freeman also reported that teachers, parents, and 
students considered practical mathematical skills to be more important 
than the structural properties of mathematics, while professors of edu- 
cation considered the structural properties to be more important (Ceey or 
Mathematics Objectives in Alberta 

Worth (1964) commenting on curriculum changes that were then taking 
place stated that increased use of the subject matter criterion of | 
significance to an organized field of knowledge had been receiving strong 
support. This authority cited the new elementary mathematics program as 
an example of evidence that the emphasis on structure was beginning to 
make itself felt in Alberta (p. 7). 

The high school mathematics curriculum underwent extensive changes 
after the revision of 1970 (Alberta Department of Education, 1970) and it 
was thought advisable to examine and compare the contents of stated 


objectives for high school mathematics programs both before and after the 
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revision. Senior high school mathematics curriculum guides for 1959, 
1963 and 1971 were selected for this purpose. It was found that but for 
a few akce verbhs the content of the stated program objectives was almost 
identical in all three guides. Among the exceptions, the objective ''to 
demonstrate the role of mathematics in the development of occupational 
skills'' was included in the two earlier curriculum guides (Alberta 
Department of Education, 1959, 1963, p. 4) but was omitted in the latest 
(Alberta Department Gf Education,o1971, p. 3). “The 1971. currieolum 
guide did, however, include two items not found in the earlier editions, 
namely, ''to consider the nature of proof as represented by various 
reasoning modes'', and, ''to develop an understanding of the main under- 


lying ideas that make up the structure of mathematics'' (p. 3). 


Review of Textbooks and Other Trade Reference Works 

Textbooks and other trade reference works figure prominently in 
apprenticeship and high school vocational education courses and for this 
reason it was thought that they might provide pertinent information 
about the mathematical knowledges and skills needed by journeymen for 
the successful practice of each of the three selected skilled trades of 
Motor Mechanic, Heavy Duty Mechanic, and Welder. Because of the special 
relationship wich was presumed to exist between these reference works 
and the apprenticeship and high school vocational education programs in 
which they were used, it was decided to group them under a separate 
heading within the review of related literature. 

Three textbooks or other trade references were reviewed for each of 
the three selected skilled trades named above and the mathematical 
knowledge and skill components included in either the expository materi- 


al or in the review questions and problems provided at the end of each 
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chapter were tabulated under the same headings as were employed in the 
research instrument for this study. For the purpose of this review, no 
special significance was attached to the number of occurrences of any 
particular mathematical knowledge or skill item found in any one 
reference work. 
Textbooks for the Motor Mechanic Trade 

Stockel (1974) in a textbook entitled Auto Mechanics Fundamentals 
included. basic mathematical operations (i.e., addition, subtraction, 
multiplication, and/or division) with whole numbers (pp. 193, 211, 363), 
fractions (pp. 197, 199), English weights and measures (pp. 85, 211, 
298), measuring with a micrometer (pp. 439, 444), reading gauges (p. 
198), ratio and proportion (pp. 199, 212, 225), graph interpretation 
(pp. 141, 147, 307), application of formulae (pp. 193 - 197), 
parallelism (p. 320), measuring and producing angles (p. 426), calcu- 
lating area and volume of cylinder (p. 197). Review questions were 
included at the end of: each of 21 chapters but these consisted mostly of 
recall items which did not require the application of mathematical 
skills. For example, a chapter on engine tests and measurements in- 
cluded several formulae and demonstrated their application (pp. 193 - 
197), but the review questions did not call for any mathematical skills 
beyond recalling four of these formulae (p. 199). Metric weights and 
measures and conversions were referred to only in tables at the end of 
the textbook (pp. 453 - 459). 

Crouse (1975) in a textbook entitled Automotive Mechanics included 
basic mathematical operations with whole numbers (pp. 360, 418, 459, 
512), fractions (p. 136), decimals (pp. 49, 257, 259), English weights 


and measures (pp. 49, 136, 144, 155), metric weights and measures (pp. 
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60, 133, 136), conversions (pp. 54, 60), measurement with rule (pp. 50, 
373, 476), measurement with micrometer (pp. 51, 410), reading gauges 
(pp. 256, 260, 291), ratio and proportion (pp. 137, 458, 506), ratio and 
proportion problems (p. 473), use of tables (pp. 141, 617), signed 
numbers (p. 525), interpreting graphs (pp. 140, 141, 147, 307), appli- 
cation of formulae (pp. 134, 136), identifying geometric figures (p. 
528), measuring angles (pp. 360, 545), and adjusting or laying out 
angles (pp. 315, 391, 421, 545). References were made using percent 
(p. 138), but no problems or solutions using percent were included. 
Conversion tables were located at the back of the book (pp. 633 - 635) 
and virtually no mathematical skills were included in the review 
questions at the end of each chapter. 

Nash and Banitz (1973) in their textbook entitled Automotive Tech- 
nology included basic mathematical operations with whole numbers and 
decimals (pp. 224, 419, 424), percent problems (p. 224), English weights 
and measures (pp. 21, 84), metric measures (p. 210), measuring with a 
micrometer (p. 18), reading gauges (pp. 197, 259, 260, 264), ratio and 
proportion (pp. 126, 129), ratio and proportion problems (pp. 84, 224), 
using tables (p. 327), scientific notation (p. 208), signed numbers 
(p. 64), interpreting graphs (pp. 79, 312, 322, 279), application of 
formulae (pp. 221 - 224, 411), Rede aay of angles. (p. 218)., icalcu- 
lating volume of a cylinder (pp. 220, 224). This textbook differed from 
the others in this group in that the chapter review questions tended to 
include more problems requiring mathematical skills for their solution. 
For example, of the ten review questions at the end of chapter 26, four 
were of this type (p. 224). 

In summary, the three Motor Mechanic Trade textbooks reviewed in- 


cluded basic mathematical operations with whole numbers, common 
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fractions, decimals, percent, and signed numbers, English and metric 
weights and measures, conversions, measurement with rule and micrometer, 
reading gauges, knowledge of ratio and proportion, solving ratio and 
proportion problems, using tables, scientific notation, graph interpre- 
tation, application of formulae, measuring and laying out or adjusting 
angles, and calculating area and volume of a cylinder. 

Heavy Duty (Diesel) Mechanic Trade Reference Works 

United States Office of Education (1969) in its Diesel Servicing 
Curriculum included basic mathematical operations with whole numbers, 
fractions and percent (p. 19), conversion of common fractions to deci- 
mals (p. 19), percent problems and English and metric weights and 
measures (p. 19), reading. gauges (pp. 8, 12, 19), ratio and proportion 
problems, powers of numbers, square roots, graph interpretation, appli- 
cation of formulae, measurement of angles, and calculation of areas and 
volumes (p. 19). 

Black (1966) in Audel's Diesel Engine Manual included basic mathe- 
matical operations with whole numbers (pp. 20, 254), fractions (p. 20), 
decimals (pp. 241, 254), English weights and measures (pp. 17, 20), 
metric weights and measures (pp. 18, 197), conversions (p. 19), esti- 
mating measurements (p. 347), reading gauges (p. 202), ratio and 
proportion problems (pp. 265 - 268), powers of numbers (p. 272), use of 
tables (p. 91), graph interpretation (pp. 31, 251), application of 
formulae (pp. 20, 90, 247, 257, 259), measurement of angles (p. 232) and 
volume of cylinder (p. 269). The book also contained a section devoted 
to tables including one giving millimeter equivalents of fractional inch 
measurements. 

Kates (1965) in Diesel and High Compression Gas Engine Fundamentals 


included basic mathematical operations with whole numbers (pp.107,+.69., 
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70), fractions (pp. 85, 113), decimals (pp. 61, 70, 347), percent 
problems (pp. 115, 116, 311), English weights and measures (pp. 62, 63, 
70, 253), ratio and proportion problems (pp. 9, 120), powers of numbers 
(pp. 61, 70), graph interpretation (pp. 106, 131 - 134), application of 
formulae (pp. 62 - 65, 72), cancellation (pp. 65, 70), measuring angles 
(p. 63), areas of rectangles and circle (pp. 61 - 62) and calculation of 
volumes (pp. 62, 78). 

Included in the three Heavy Duty (Diesel) Mechanic trade reference 
works reviewed here were basic mathematical operations with whole 
numbers, fractions, decimals and percent, English and metric weights 
and measures, conversions, reading gauges, ratio and proportion 
problems, finding powers of numbers and square roots, graph interpre- 
tation, application of formulae, cancellation, measurement of angles, 
finding areas of rectangles and circles, and calculation of volumes of 
cylinders and rectangular solids. 

Reference Works for the Welder Trade 

Kennedy (1972) in his thesis titled The Development of a Handbook 
for Welding Theory included basic mathematical operations with whole 
numbers (p. 16),*decimals or percent (pp. 72, 82,85, 97;, 106), English 
weights and measures (pp. 55, 56, 85, 86, 90, 122), measuring with rule 
(pp. 54, 56, 129, 151), graph re eeea Ron (p. 80), laying out angles 
(pp. 54, 56, 129, 151). The work makes numerous references to 
fractional measurements used in discribing materials such as welding rod 
diameters, metal stock thicknesses, dimensions of metal pieces. 

Pender (1968) in a textbook entitled Welding included basic mathe- 
matical operations with fractions (pp. 28, 124), decimals or percent, 


conversions and percent calculations (p. 124), English weights and 
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measures (pp. 23, 25), measuring with rule (pp. 39, 42, 45, 50, 57, 75), 
estimating measurements (pp. 26, 27, 38, 80), reading gauges (p. 28), 
use of tables (pp. 45, 80), laying out or adjusting angles (pp. 49, 56, 
58, 129). 

Masson (1967) in a textbook entitled Welding Theory and Practice 
included basic mathematical operations with whole numbers (p. 57), 
fractions (pp. 41, 57), decimal or percent (pp. 15, 49, 52, 57), con- 
versions (p. 57), percent calculations (p. 49), English weights and 
measures (pp. 1, 29, 40), metric weights and measures (p. 21), measuring 
with rule (pp. 29, 38, 41, 70, 73 - 75), estimating measurements (pp. 
18, 19, 41, 72), reading gauges (pp. 17 - 19), ratio and proportion 
problems (p. 57), use of tables (pp. 46, 49, 62, 65), signed numbers 
(pp. 3, 4), measurement of angles (p. 39), laying out or adjustment of 
angles “pp. 365 43), 70,73). 

In summary, the three reference works for the Welder trade re- 
viewed here included basic mathematical operations with whole numbers, 
common fractions, decimals and signed numbers, conversions of common 
fractions to decimals, percent calculations, English and metric weights 
and measures, estimating measurements, measuring with a rule, reading 
gauges, solving ratio and proportion problems, use of tables, graph 


interpretation, and measuring and laying out angles. 
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Summary of Reference Works for Three Trades 


It was found that the three trades of Motor Mechanic, Heavy Duty 
Mechanic, and Welder shared a number of mathematical competency re- 
quirements as indicated by textbooks and other trade reference works. 
These shared mathematical competency requirements included basic 
operations with whole numbers and fractions, knowledge of common English 
and metric weights and measures, solving ratio and proportion problems, 
graph interpretation and measuring angles. 

Some mathematical competencies were shared by two of the three 
trades being studied here. Reference works for the Motor Mechanics and 
Heavy Duty Mechanic trades indicated a common need for basic operations 
with decimals and percent, conversions of English and metric weights 
and measures, application of formulae and finding area and volume of 
cylinders. Motor mechanics and welders shared a need for measurements 
with rule and micrometer, use of mathematical tables, basic operations 
with signed numbers and for laying out and adjusting angles. No 
mathematical competencies common only to the Heavy Duty or Welder trades 
were indicated. 

Some mathematical competencies were found to be indicated for only 
one of the skilled trades being studied here. Motor mechanics were 
found to need a knowledge of neienaiiic notation and measuring with a 
micrometer. Heavy Duty mechanics needed competency in finding powers of 
numbers, calculating square root, cancellation, calculating area of 
square or rectangle, calculating circumference or area of a circle, and 
finding area and/or volume of rectangular solids. No mathematical 
competencies were found to be needed by welders to the exclusion of the 


other two trades being studied here. 
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In conclusion, it was found that the textbooks and other trade 
reference works for the three trades of Motor Mechanic, Heavy Duty 
Mechanic and Welder indicated considerable similarity of mathematical 


functions among the three trades. 


Summary of the Review of Related Literature 
This review of related literature dealt with the academic foun- 
dation and content. of occupations and the mathematical requirements of 
the skilled trades. Comments on mathematics programs and evaluations of 
them were examined as were purposes of mathematics and the objectives of 


mathematics instruction. A review of textbooks and other trade refer- 


ence works completed the chapter. 
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CHAPTER III 
DESIGN OF THE STUDY 

The previous chapter consisted of a review of related literature 
which dealt with the academic foundation and content of occupations in 
general and the mathematical requirements of the three selected trades of 
Motor Mechanic, Heavy Duty Mechanic and Welder. Comments on mathematics 
education and evaluations of mathematics programs were reviewed as were 
purposes of mathematics and stated objectives of mathematics instruction. 
A number of textbooks and other trade reference works were analyzed for 
their mathematical content. 

This chapter includes descriptions of the population and the 
sampling procedure for the study. The chapter also deals with the design 
of the research instrument, the execution of the pilot study and the 
distribution of the research instruments and concludes with the 


tabullation.ot data. 


Description of the Populations 

The populations for this study included three discrete groups of 
certificated journeymen. One population inciuded journeymen from the 
Motor Mechanic trade; the second population was made up of journeymen 
fon the Heavy Duty Mechanic trade; the third population was comprised of 
journeymen from the Welder trade. Each of these three populations was 
stratified as to the function performed by the journeymen. These 
functions were placed into the following three groups: Supervisors; 
Journeymen; Instructors. The Supervisor group consisted of certificated 
journeymen who were managers, owner-managers, or foremen who were in 
daily contact with practicing journeymen in one of the three trades in- 


volved in the study. The Journeymen group of each of the three 
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populations consisted of practicing certificated journeymen who were 
judged to be Susce esr by their supervisors. The third group consisted 
of Instructors who, for the purposes of this study, were certificated 
journeymen who were instructing in or teaching trades or trade subjects 
to apprentices or to students enrolled in vocational education programs 
of study at the high school level. 

Each of the three populations was stratified into three groups which 


gave a total of nine subgroups for sampling purposes. 


Sampling Procedure 


The design of the study called for a two-stage sampling procedure 
for the ''Supervisor'' and ''Journeyman'' strata of each of the three 
populations, namely, Motor Mechanic, Heavy Duty Mechanic, and Welders. 
This approach which was referred to by Selltitz, Jahoda, Deutsch, and 
Cook (1967, p. 534) was decided upon for reasons of feasibility and 
practicability. 

For the first stage of the sampling process three lists of 
employing agencies were compiled, one for each trade group. The first 
list consisted of 41 employing agencies which employed journeymen motor 
mechanics. The second list included 28 employing agencies such as 
Diesel and heavy duty shops which employed journeymen neauy duty 
mechanics. The third list consisted of 103 employing agencies such as 
welding and fabricating shops which employed journeymen welders. Each of 
these lists of employing agencies was compiled from information obtained 
from Edmonton and Vicinity Yellow Pages by Edmonton Telephones, 1976. 
Using a simple random sampling procedure without replacement, five 
employing agencies were selected from each list giving a total of 


fifteen. The service manager or other supervisor from each selected 
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atpioving agency was then contacted by telephone, given a brief outline 
of the purpose and method of the study and asked if he wanted to 
cooperate in the study along with two successful journeymen of his 
choice who were working under his supervision. At the same time, an 
appointment was arranged with the supervisor so that questionnaires could 
be delivered and further explanations given relating to the completion 
and return of the questionnaires. At the time the questionnaires were 
delivered it was suggested to the supervisors that they might select, 
where possible, one subject with five years or less of experience as a 
journeyman in the trade and one with more than five years of trade ex- 
perience. It was thought that this procedure would produce a high 
proportion of returns, yield a greater variety of experience among 
respondents and avoid selection of marginal journeymen which might have 
occurred with the use of alternative selection procedures. 

The ''Instructor'' category for each trade division sample was 
arrived at by simple random selection without replacement of five 
individuals from each of three lists of candidates compiled for the 
purpose. These three ''Instructor'' groups were then added to the ap- 
propriate ''Supervisor' and ''Journeyman'' groups to complete the three 
samples. Thus the three samples, in their final form, each consisted of 
five ''Supervisors'', ten ''Journeymen'', and five ''Instructors" giving a 


total of 60 subjects in all for the three samples. 


The Research Instrument 
The research instrument for the study was a questionnaire in the 
form of a mathematical checkoff list similar in structure to the one 
used by Laws in his 1966 study on the mathematical expectations of 


technicians (pp. 48 - 51). Respondents were asked to rate each of ks 
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mathematical knowledge and skill items on a three point Likert-type scale 
as either ''Necessary' or ''Desirable'' or ''Not Needed'' for journeymen to 
possess in order that they may be able to practice their respective 
trades in a successful manner. Zeizel (1968) supported the use of 
checklists rather than numerical answers because the former reduced the 
number of ''don't knows!' (p. 48). 

The mathematical competency items included in the questionnaire 
used for the study were derived from a number of sources including re- 
search reports, articles in learned journals, and from textbooks and 
other trade reference works. 

Wilson (1952) reported the results of joint sessions of shop and 
mathematics teachers whose purpose was to carry out an analysis of the 
extent of use of applied mathematics in a number of representative 
skilled trades. A chart was compiled listing 16 mathematics topics and 
graphically illustrating whether or not they applied to each of the 
skilled trades (pp. 28 - 29). 

A series of mathematical competencies whose application was thought 
to be fundamental to many skilled trades was presented by Carlton (1953). 
The author stressed the importance of a method of checking the accuracy 
of calculations in order to avoid costly mistakes in the shop (pp. 8 & 
SMe 

Laws (1966) used a 104 item questionnaire for his study of mathe- 
matical expectations of technicians (pp. 48 - 51). Since mathematical 
skill items used by Laws were directed at technicians it was thought 
that they were too numerous and of too high an order of difficulty for 
the purposes of this study which was directed at journeymen. This con- 


clusion was supported by a finding of the study by Laws that 47 out of 
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104 skills listed in the questionnaire were considered ''not needed!! by 
over 50 percent of the respondents and that only 23 out of the 104 skills 
listed in the questionnaire were considered "'essential'' by over 50 per- 
cent of the respondents (pp. 14 - 18). 

Smith (1973) in a study which was conducted with workers and 
supervisors in a variety of geographical areas in the Province of Sas- 
katchewan and whose purpose was to identify generic skill components of 
tasks and subtasks carried out in 27 different occupations used a 
questionnaire which included 70 mathematical skill items listed under 18 
major mathematics topics (pp. 78 - 80). 

Fitzgerald (1976) investigated the contents of mathematics programs 
provided by engineering companies for their beginning craft and 
technician apprentices and from the information obtained drew up a 
catalogue of mathematical items contained in these courses. These 
mathematical competencies were deemed necessary for beginning apprentices 
to possess because they would likely encounter problems which would re- 
quire their application within the first few weeks of apprenticeship 
(pp. 43 6 44). 

The list of 45 mathematical competencies included in the research 
instrument for this study was adapted from the above sources. In order 
to ensure that all the required mathematical sornparsnci es were included 
three textbooks or other trade reference works for each of the three 
selected trades were analyzed for mathematical content. It was found 
that all of the mathematical competencies encountered in these trade 
reference works had been included in the questionnaire and it was 
thought unlikely that further additions would be necessary. 


The Likert-type scale with three response alternatives for each 
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questionnaire item which was used by Laws (1966) was adapted for use in 
this study (pp. 48 - 51). 

The completed instrument was then submitted to a specialist in 
Mathematics Education from the Mathematics Department. of The University 
of Alberta for review and criticism. This specialist recommended the 
inclusion in the questionnaire of a request directed to the respondent 
that he describe any mathematical shortcuts that might be used in the 
practice of his trade. The instrument was also reviewed by a specialist 
in instrument design form the Department of Educational Psychology of 
The University of Alberta. This specialist stated that the instrument 
appeared to be well designed and recommended that a pilot study be 
undertaken. A pilot study had been included in the original design of 
the study, so the only chante required in the research instrument was 
the inclusion of a request of participants for mathematical shortcuts of 


their trade. 


Pilot Study 

A pilot study was carried out for the purpose of pointing up any 
possible errors or inadequacies which might have been present in the 
research instrument. The pilot study was conducted among a group of 
nine subjects selected on the basis of one representative for each 
stratum of each of the three populations included in the study. All but 
one of the pilot study participants remained as elements of the 
populations and were therefore eligible for selection as sample subjects 
for the main study. The lone exception was a welder who was not a 
population member by virtue of the fact that his place of business was 
located outside of the boundaries of the City of Edmonton. 


Pilot study participants were contacted either by telephone or 
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in person, given a brief explanation of the purpose and method of the 
pilot study, and asked whether they would be willing to participate in 
the pilot study by completing a questionnaire. All individuals contacted 
agreed to participate in the pilot study. The Questionnaires were then 
posted or delivered to the participants along with a covering letter and 
a stamped self-addressed envelope. 

The pilot study returns were examined by the researcher in order to 
identify inadequacies that might have been present in the research in- 
strument. It was found that respondents had marked four of the mathe- 
matical knowledge and skill items with either an asterisk or a question 
mark. It appeared that these respondents may have experienced difficulty 
in understanding the meaning of these items thereby eliciting responses 
which might be considered invalid. It was therefore decided to attempt 
to clarify the meaning of three of the mathematical knowledge and skill 
items by changing the wording in such a manner as to include one or more 
examples. 

The pilot study returns were examined by a staff member of the 
Department of Industrial and Vocational Education at The University of 
Alberta and were found to have an acceptable distribution of responses 
among the three scale alternatives in the questionnaire. 

The modified and corrected instrument was printed and readied for 
distribution along with a stamped self-addressed envelope and a covering 
letter outlining the purpose and briefly explaining the methodology of 
the study. 

Distribution of Research Instruments 
For the ''Supervisors'' and ''Journeymen'' groups, arrangements were 


made by the researcher to visit the supervisors of each of the fifteen 
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selected employing agencies for the purpose of delivering the research 
instruments and obtaining the names of the subjects selected to complete 
the instruments. The supervisors were asked for their cooperation in 
expediting the completion and return of the questionnaires. Follow-up 
calls were made with the result that completed questionnaires were 
received within a short time after the calls were placed. One exception 
was the case of a heavy duty repair shop whose foreman informed the 
researcher that he and his men were working long hours and did not have 
time to fill out their questionnaires. 

For the ''Instructor'' category, the subjects were contacted by 
telephone and given a brief outline of the purpose and methodology of 
the study. These subjects were then asked to complete and return the 
questionnaire which would be forwarded to them along with a covering 
letter and a stamped self-addressed envelope. 

For tabulation purposes, practicing certificated journeymen with 5 
years or less of experience in their respective trades were placed in 
"Group A'' and journeymen with over 5 years of such experience were 
assigned to ''Group B"'. 

Returns were received from a total of 50 respondents which is 
equivalent to 83.3 percent of the number of questionnaires which were 
distributed. Numbers and percent proportions of returns by sample 


subgroup are shown in Table l. 
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TABLE | 


RETURNS BY SAMPLE SUBGROUP 


a ee ee Re ee ee TE 
Motor Heavy Duty 
Mechanics Mechanics 


Welders Totals 


Supervisors 


Posted 5 5 5 15 
Returned 5 3 4 12 
Percent 100 60 80 80 
Journeymen 
Group A 
Posted 5 5 5 15 
Returned a5 3 4 12 
Percent 100 60 80 80 
Group B 
Posted 5 5 5 15 
Returned ky 5 3 12 
Percent 80 100 60 | 80 
Instructors 
Posted 5 3) 5 15 
Returned 5 4 5 | 14 
Percent 100 80 100 9355 


These data show that the Instructor group had the highest 
proportion of returns with 93.3 percent of the research instruments 


having been completed and returned to the researcher. 
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Data Tabulation for the Motor Mechanics, Sample 

Table 11 shows mathematical knowledges and skills frequencies ob- 
tained from five completed research instruments returned by supervisors 
from the Motor Mechanics sample. 

Table II1 shows mathematical skills frequencies obtained from five 
completed research instruments returned by group ™ journeymen from the 
Motor Mechanics sample. 

Table IV shows mathematical skills and frequencies obtained from 
four completed research instruments returned by group Be journeymen from 
the Motor Mechanics sample. 

Table V shows mathematical knowledges and skills frequencies ob- 
tained from five completed research instruments returned by instructors 
from the Motor Mechanics sample. 

Table VI shows mathematical knowledges and skills frequencies and 


percentages combined for the 19 respondents from the Motor Mechanics 


sample. 


troup A = journeymen having 5 years or less of experience in their 
trade. 


Cyotp B = journeymen having more than 5 years of experience in 
their trade. 


56 


i Sipe Va ‘Bot | ee a 


jos i Panes. ere, 


at 
ha - Hovis 7 watt) thy edi da eh 4e 
~ ie 
ahd mel!) deer entEgy ‘/ ee yo bas ioy Cie 


th Ae 
onl Gat etee GET AaoLpey) tre ait ite ia ey 


j a , ~ a - i a . 

“9 A 5 sicdy) a Cubrite va) abi ins 5° eg -miipa wUuthe 
i ® ts 

i 7 


a er 
He ¢¢!) nancy e) eee phe eI on 


‘ 


Wey ry Fy } tea nt intl en Pht Hee 


bert ladablarhdheaials'e si ® dEybewioee 


a 


2 


Cet? fy, eve lv oane tu 07 80 S9Ray ¢ YN? ee) “ee » garnet » prey 


~ : : ag : 
sh a mqes Tt = te0dy.0 wens ahem wrivert someone! oF woul, rt 
7 a ° 


‘ 


ie: | i eae. |)” | eck 


SY 


TABLE II 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES 
FOR SUPERVISOR GROUP - MOTOR MECHANICS SAMPLE 


MATHEMATICAL KNOWLEDGE 


AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 
Basic operations (+, -, x, +) with 
whole numbers. 5 0 0 
Basic operations with common 
fractions. 5) 0 0 
Basic operations with decimals and 
percent. k ] 0 
Conversion of common fractions to 
decimals or percent and vice versa. 4 0 l 
Using percent to calculate interest, 
mark-up and/or discount. 2 l 2 
Knowing common metric weights and 
measures. 5 0 0 
Knowing common English weights and 
measures. 3 l ] 
Converting English to metric weights 
and measures. : 4 1 0 
Measuring with rule or tape. § 0 0 
Measuring witl) micrometer. 5 0 0 
Estimation of measurements, (e.g. 
hold electrode 1/8'' from work). 2 2 | 
Reading gauges and meters. 5 0 0 
Calculating ratio and/or proportion. 4 | 0 
Solving ratio and proportion problems, 
(e.g. interpreting scale drawings). | 2 2 
Finding Powers of numbers. 0 | 4 
Using mathematical tables. | 3 | 
Calculating square root. | | 3 
Using scientific notation (powers : 

2 


of 10). 0 


Using common logarithms to solve 


mathematical problems. | 0) 4 

Basic operations with positive and 

negative numbers. | 0 4 

Basic operations with literal 

expressions (algebra). | 2 2 
0 3 2 


Interpreting line and/or bar graphs. 
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TABLE I1 (contd. ) 


a 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 


_—_-_ ee rr — eee 


Constructing line and/or bar graphs. 0 2 3 
Applying formulas (by substitution of 

numerical values). ; l 2 2 
Solving linear equations. | 0 4 


Transposing, factoring and 


cancellation. ] 0 4 
Solving simultaneous equations. 1 0 4 
Solving quadratic equations. 0 1 4 


Knowing meaning of parallelism between 


lines and/or planes. 1 3 ] 

Identifying basic geometric figures such 

as square, rectangle, hexagon, cylinder. ] 3 ] 

Measuring angles. 4 l 0 

Laying out or adjusting angles to 

given number of degrees. 3 72 0 

Calculating area of square or 

rectangle. | 3 ] 

Calculating circumference and/or area 

of circle. 1 3 1 

Finding unknown side of right triangle 

(Pythagorean theorem) . ] I 3 

Finding area and/or volume of rec- 

tangular solids, (e.g. tanks). | 2) 2 

Finding area and/or volume of 

cylinders. 2 2 ] 

Interpreting ''pie'' or circle graphs. ! | 3 

Constructing ''pie'' or circle graphs. | ] 3 

Using slide rule to solve mathematical 

problems. 0 4 | 

Using calculator for basic 

operations. 0 3 2 

Knowledge of set theory. l 3 | 

Completing business forms, (e.g. in- 

voices, work orders, bills of sale). 2 2 | 
7 73 ] 


Record keeping. 


Solving vector analysis problems. ] ] 3 
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TABLE I11 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES 


FOR GROUP al JOURNEYMEN - MOTOR MECHANICS SAMPLE 


SSS SSS SSS SS a 
MATHEMATICAL KNOWLEDGE 


AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 

Basic operations (+, -, x, <=) with 

whole numbers. 4 0 1 

Basic operations with common 

fractions. 5 0 0 

Basic operations with decimals and 

percent. 5 0 0 

Conversion of common fractions to 

decimals or percent and vice versa. 4 | 0 

Using percent to calculate interest, 

mark-up and/or discount. 2 2 | 

Knowing common metric weights and 

measures. 3 2 0 

Knowing common English weights and 

measures. s} 1 1 

Converting English to metric weights 

and measures. 3 Zz 0 

Measuring with rule or tape. 5 0 0 

Measuring witl inicrometer. 5 0 0 

Estimation of measurements, (e.g. 

hold electrode 1/8'' from work). 5 0 0) 

Reading gauges and meters. 5 0 0 

Calculating ratio and/or proportion. 4 | 0 

Solving ratio and proportion problems, 

(e.g. interpreting scale drawings). 3 é 0 

Finding Powers of numbers. 0 | 4 

Using mathematical tables. | 2 2 

Calculating square root. 0 0 5 

Using scientific notation (powers 

of 10). 0 0) 5 

Using common logarithms to solve 

mathematical problems. ] | 3 

Basic operations with positive and 

negative numbers. | 2 2 

Basic operations with literal 

expressions (algebra). ] 3 1 
] 3 | 


Interpreting line and/or bar graphs. 


Fenone A = Journeymen having 5 years or less of experience in their 
trade. 
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TABLE I11 (contd.) 


ce ee A ee ne ee et ee Ne ee 
MATHEMATICAL KNOWLEDGE 


AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 
a ah A LI a een BE io ae AS ee ON eye og ee 
Constructing line and/or bar graphs. ] 3 | 
Applying formulas (by substitution of 
numerical values). 1 2 2 
Solving linear equations. 0 2 3 
Transposing, factoring and 
cancellation. 0 2 3 
Solving simultaneous equations. 0 0 5 
Solving quadratic equations. 0 ] 4 
Knowing meaning of parallelism between 
lines and/or planes. 1 ] 3 
Identifying basic geometric figures such 
as square, rectangle, hexagon, cylinder. 3 0 ] 
Measuring angles. : 3 2, 0 
Laying out or adjusting angles to 
given number of degrees. 4 0 ] 
Calculating area of square or 
rectangle. 2. ] Z. 
Calculating circumference and/or area 
of circle. 3 ] ] 
Finding unknown side of right triangle 
(Pythagorean theorem) . 0 2 3 
Finding area and/or volume of rec- 
tangular solids, (e.g. tanks). | 3 1 
Finding area and/or volume of 
cylinders. 2 2 ] 
Interpreting ''pie'' or circle graphs. ] 2 72 
Constructing ''pie'' or circle graphs. ] ] 3 
Using slide rule to solve mathematical 
problems. 0 2 3 
Using calculator for basic 
Operations. 0 4 l 
Knowledge of set theory. 2 ] 2 
Completing business forms, (e.g. in- 
voices, work orders, bills of sale). 3 2 0 
Record keeping. 2 3 0 


Solving vector analysis problems. 0 2 3 
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TABLE IV 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES 
FOR GROUP Be JOURNEYMEN - MOTOR MECHANICS SAMPLE 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 
Basic operations (+, -~, x, ~) with 


NECESSARY DESIRABLE NOT NEEDED 


whole numbers. 4 0 0 

Basic operations with common 

fractions. 4 0) 0 

Basic operations with decimals and 

percent. 4 0) 0 

Conversion of common fractions to 

decimals or percent and vice versa. 4 0 0 

Using percent to calculate interest, 

mark-up and/or discount. | 2 | 

Knowing common metric weights and 

measures. 3 ] 0) 

Knowing common English weights and 

measures. 3 0 ] 

Converting English to metric weights 

and measures. 3 | 0 

Measuring with rule or tape. 4 0 0 

Measuring with micrometer. 4 0) 0 

Estimation of measurements, (e.g. 

hold electrode 1/8'' from work). 4 0 0 

Reading gauges and meters. 4 0) 0 

Calculating ratio and/or proportion. 3 | 0 

Solving ratio and proportion problems, 

(e.g. interpreting scale drawings). 2 | | 

Finding Powers of numbers. 0 ! 3 

Using mathematical tables. 3) l 0 

Calculating square root. | 0 3 

Using scientific notation (powers 

of 10). 0) | 3 

Using common logarithms to solve 

mathematical problems. | 0 3 

Basic operations with positive and 

negative numbers. | 2 | 

Basic operations with literal 

expressions (algebra). 0 ] 31 
] ] 2 


Interpreting line and/or bar graphs. 


2 croup B = Journeymen having more than 5 years of experience in 
their trade. 
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TABLE IV (contd.) 


I ee eA A et 
MATHEMATICAL KNOWLEDGE 
eS ae en NECESSARY DESIRABLE NOT NEEDED 


Constructing line and/or bar graphs. 0 0 4 
Applying formulas (by substitution of 

numerical values). 0 0 4 
Solving linear equations. 0 0 4 


Transposing, factoring and 


cancellation. 0 0 k 
Solving simultaneous equations. 0 0 4 
Solving quadratic equations. 0 0 4 


Knowing meaning of parallelism between 


lines and/or planes. I ] 2 

Identifying basic geometric figures such 

as square, rectangle, hexagon, cylinder. 3 ] (0) 

Measuring angles. 3 ] 0 

Laying out or adjusting angles to 

given number of degrees. 3 ] 0 

Calculating area of square or 

rectangle. 2 2 0 

Calculating circumference and/or area 

Obie WG e. 3 ] 0 

Finding unknown side of right triangle 

(Pythagorean theorem). 0 ] 3 

Finding area and/or volume of rec- 

tangular solids, (e.g. tanks). 2 2 ) 

Finding area and/or volume of 

cylinders. 2 2 0 

Interpreting ''pie’’ or circle graphs. 2 ] ] 

Constructing ''pie'’ or circle graphs. 1] ] 2 

Using slide rule to solve mathematical 

problems. i] 2D ] 

Using calculator for basic 

operations. 0 2 2 

Knowledge of set theory. 2 0 2 

Completing business forms, (e.g. in- 

voices, work orders, bills of sale). ] 3 0 

Record keeping. ] 3 0 
0 4 


Solving vector analysis problems. 0 
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TABLE V 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES 
FOR INSTRUCTOR GROUP - MOTOR MECHANICS SAMPLE 


MATHEMATICAL KNOWLEDGE 


AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 

Basic operations (+, -, x, ~) with 

whole numbers. 5 0 0 

Basic operations with common 

fractions. 4 | 0 

Basic operations with decimals and 

percent. 4 I 0 

Conversion of common fractions to 

decimals or percent and vice versa. 4 | 0 

Using percent to calculate interest, 

mark-up and/or discount. 4 1 0 

Knowing common metric weights and 

measures. 2 2 ] 

Knowing common English weights and 

measures. 5 0 0 

Converting English to metric weights 

and measures. ] 3 ] 

Measuring with rule or tape. 4 | 0 

Measuring witl micrometer. 3 2 0 

Estimation of measurements, (e.g. 

hold electrode 1/8'' from work). 2 3 0) 

Reading gauges and meters. 4 | 0 

Calculating ratio and/or proportion. 4 | 0 

Solving ratio and proportion problems, 

(e.g. interpreting scale drawings). Z 3 0 

Finding Powers of numbers. 0 | 4 

Using mathematical tables. 0 5 0 

Calculating square root. 0 | 4 

Using scientific notation (powers 

of 10). 0 2 3 

Using common logarithms to solve 

mathematical problems. 0 | 4 

Basic operations with positive and 

negative numbers. | 3 l 

Basic operations with literal 

expressions (algebra). ] ] 3 
2 3 ] 


Interpreting line and/or bar graphs. 
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TABLE V (contd.) 


peta Se E  e S B eee Se Reg Eo ee 2a ee a 
MATHEMATICAL KNOWLEDGE 
NECESSARY DESIRABLE NOT NEEDED 


AND SKILL ITEMS 


Constructing line and/or bar graphs. 2: 2 | 
Applying formulas (by substitution of 

numerical values). 1 4 0 
Solving linear equations. ] 7 2) 


Transposing, factoring and 


cancellation. 2 ] 2 
Solving simultaneous equations. ] 0 4 
Solving quadratic equations. 1 0 4 


Knowing meaning of parallelism between 


lines and/or planes. 2 2) ] 
Identifying basic geometric figures such 

as square, rectangle, hexagon, cylinder. 5 0 0 
Measuring angles. 4 1 0 


Laying out or adjusting angles to 


given number of degrees. 4 1 0 
Calculating area of square or 

rectangle. 4 | 0 
Calculating circumference and/or area 

of circle. 4 l 0 
Finding unknown side of right triangle 

(Pythagorean theorem) . 1 2 2 
Finding area and/or volume of rec- 

tangular solids, (e.g. tanks). 3 2 0 
Finding area and/or volume of 

cylinders. 4 | 0 
Interpreting ''pie'’ or circle graphs. 5) 0 2 
Constructing ''pie'' or circle graphs. ] 2 2 
Using slide rule to solve mathematical 

problems. 0 4 l 
Using calculator for basic 

operations. 0 3 2 
Knowledge of set theory. 0 0 5 
Completing business forms, (e.g. in- 

voices, work orders, bills of sale). 4 1 0 
Record keeping. 4 ] 0 
Solving vector analysis problems. 0 1 ; 4 
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TABLE VI 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES AND 
PERCENTAGES FOR MOTOR MECHANICS SAMPLE 


MATHEMATICAL KNOWLEDGE 


NECESSARY DESIRABLE 


AND SKILL ITEMS NO. % NO. % NO. % 
Basic operations (+, -, x, *) with 
whole numbers. 18 94,7 0 0.0 1 5.3 
fasic operation with cenimon 
Fractions. 18 94.7 | S.3 0 0.0 
Rasic operations with decimals and 
percent. 17 89.5 2 10.5 0) 0.0 
Conversion of common Fractions to 
decimals or percent and vice versa. 16 84.2 2 10.5 1 5.3 
‘sing percent to calculate interest, 
mark-up and/or discount. 9 474 6 31.6 hy 21a) 
Knowing common metrie weights and 
measures. 13 68.4 5 26.3 | 5.3 
Knowing common English weights and 
measures. V4 73.7 2 10.5 3 15.8 
fonverting English to metric weights 
and measures. 1 LV/De| 7 36.8 | 5.3 
Measuring with rule or tape. 18 94.7 1 5.3 0 0.0 
Measuring with micrometer. 17 89.5 2 10.5 0 0.0 
Estimation of measurements, (e.g. 
hold electrade 1/8" from work). 13 68.4 5 26,4 | 5.3 
teading gauges and meters. 18 94.7 | 5.3 0 0.0 
Calculating ratio and/or proportion. Vy 78.9 4 | 0 0.0 
Sulving ratio and proportion probleiis 
(e.g. interpreting scale drawings). 8 42.1 8 N21 ; 15.8 
Finding Powers of nunibers, ) 9,0 4 21.1 Lhe 78.9 
sing mathematical tables. 5 26,3 11 57.9 3 15.8 
Calculating sduare root ? 10,5 2 10.5 Vy 78.9 
ising scientific notation (powers 
of 16). 0 0.0 5 26.3 14 73.9 
ising common logarithms to selve 
mathematical problems. 3 15,8 2 10,5 14 73.79 
Rasic operations with positive and 
negative numbers. u) 2 inl / 36,8 8 WD. 
Rasic operations with literal 
expressions (algebra). 3 15.8 ] 36,8 ) 47.4 
Interpreting line and/or bar graphs. 4 21.1 10 52.6 5 26,3 


, 
‘ 


i \ F 
ihe 4 ia 
eves 

qi | i ' ‘a, 

4 ih 
N at 7-18 
oa ¢ i @ 

§\ iy 
e 


i 


ee a 


; Slime 
oh.) a 


TABLE VI (contd.) 


Sa ee BE Se ee ee 


MATHEMATICAL KNOWLEDGE NECESSARY DESIRABLE NOT NEEDED 
AND SKILL ITEMS NO. % NO. % NO. % 

eee ee a ee ee Ct eel OA ee oh 
Constructing line and/or bar graphs. 3 15.8 7 36.8 9 47.4 
Applying formulas (by substitution of 
numerical values). 3 15.8 8 42.) 8 42.] 
Solving linear equations. 2 10.5 4 PV | 13 68.4 
Transposing, factoring and 
cancellation. 3 15.8 3 15.8 13 68.4 
Solving simultaneous equations. 2 10.5 0 0.0 (7/ 89.5 
Solving quadratic equations. ] 5.3 2 10.5 16 84.2 
Knowing meaning of parallelism between 
lines and/or planes. 5 26.3 7 36.8 y 36.8 
Identifying basic geometric figures such 
as square, rectangle, hexagon, cylinder. 12 sie 5 26.3 2 ORS 
Measuring angles. 14 TS, 5 26.3 0 0.0 
Laying out or adjusting angles to 
given number of degrees. 14 T3e0 4 Ze 1 5.3 
Calculating area of square or 
rectangle. 9 47.4 7 36.8 3 15.8 
Calculating circumference and/or area 
of circle. i y/55) 6 31.6 2 10.5 
Finding unknown side of right triangle 
(Pythagorean theorem) . 2 10.5 6 31.6 11 57.9 
Find area and/or volume of rec- 
tangular solids, (e.g. tanks). it 36.8 9 47.4 3 15.8 
Finding area and/or volume of 
cylinders. 10 52.6 7 36.8 2 10.5 
Interpreting ''pie'' or circle graphs. 7 36.8 4 7 Wea 8 42.1 
Constructing ''pie'' or circle graphs. 4 P|} 3 5 26m3 10 52.6 
Using slide rule to solve mathematical 
problems. I ee) 12 63.2 6 31.6 
Using calculator for basic 
operations. 0 0.0 12 O32 7 36.8 
Knowledge of set theory. 5 26.3 4 ZA) 10 52.6 
Completing business forms, (e.g. in- 
voices, work orders, bills of sale). 10 52.6 8 42.1 l 5.3 
Record keeping. 9 47.4 9 47.4 ] 5.3 


Solving vector analysis problems. | Ses 4 Zien 14 7307 
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Data Tabulation for the Heavy Duty Mechanics Sample 


Table VII. shows mathematical knowledges and skills frequencies ob- 
tained from three completed research instruments returned by supervisors 
from the Heavy Duty Mechanics sample. 

Table VIII shows mathematical knowledges and skills frequencies ob- 
tained from three completed research instruments returned by group A 
journeymen from the Heavy Duty Mechanics sample. 

Table IX shows mathematical knowledges and skills frequencies 
obtained from five completed research instruments returned by group B 
journeymen from the Heavy Duty Mechanics sample. 

Table X shows mathematical knowledges and skills frequencies 
obtained from four completed research instruments returned by instructors 
from the Heavy Duty Recher nee sample. 

Table XI shows mathematical knowledges and skills frequencies and 


percentages combined for the 15 respondents from the Heavy Duty Mechanics 


sample. 


Neroup A = journeymen having 5 years or less of experience in their 
trade. 


Seep B = journeymen having more than 5 years of experience in 
their trade. 
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TABLE VII 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR 
SUPERVISOR GROUP - HEAVY DUTY MECHANICS SAMPLE 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 
Basic operations (+, =, x, +) with 


NECESSARY DES!RABLE NOT NEEDED 


whole numbers. 2 ] 0 

Basic operations with common 

fractions. 2 | 0 

Basic operations with decimals and 

percent. 2 0 | 

Conversion of common fractions to 

decimals or percent and vice versa. 0 2 | 

Using percent to calculate interest, 

mark-up and/or discount. 0 2 l 

Knowing common metric weights and 

measures. | 2 0 

Knowing common English weights and 

measures. 3 0 0 

Converting English to metric weights 

and measures. ] 2 0 

Measuring with rule or tape. 3 0 0 

Measuring witl micrometer. 3 0 0 

Estimation of measurements, (e.g. 

hold electrode 1/8'' from work). 2 0 l 

Reading gauges and meters. 3 0) 0 

Calculating ratio and/or proportion. | 2 0 

Solving ratio and proportion problems, 

(e.g. interpreting scale drawings). 0 2 1 

Finding Powers of numbers. 0 2 ] 

Using mathematical tables. 0 2 ] 

Calculating square root. 0 ] 2 

Using scientific notation (powers 

oir N@))) | 0 72 

Using common logarithms to solve 

mathematical problems. 0 l 2 

Basic operations with positive and 

negative numbers. ] | l 

Basic operations with literal 

expressions (algebra). 0 l 2 
0 | 2 


Interpreting line and/or bar graphs. 
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TABLE VII (contd.) 


ee ee ee Fre IMS eT ee RM sj) a Vie 
MATHEMATICAL KNOWLEDGE 


AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 
ae A One ae eee eee er ee ee fe ee ee eh OE el ee eR ell 
Constructing line and/or bar graphs. 0 ] eZ. 
Applying formulas (by substitution of 
numerical values). 0 1 2 
Solving linear equations. 0 ] 2 
Transposing, factoring and 
cancellation. 0 ] 72 
Solving simultaneous equations. 0 ] 2 
Solving quadratic equations. 0 ] 2 
Knowing meaning of parallelism between 
lines and/or planes. 0 ] 2 
Identifying basic geometric figures such 
as square, rectangle, hexagon, cylinder. l ] | 
Measuring angles. : ] 72 0 
Laying out or adjusting angles to 
given number of degrees. | | l 
Calculating area of square or 
rectangle. | ] 1 
Calculating circumference and/or area 
Of en relies I | 1 
Finding unknown side of right triangle 
(Pythagorean theorem) . 0 2 1 
Finding area and/or volume of rec- 
tangular solids, (e.g. tanks). l 2 0 
Finding area and/or volume of 
cylinders. 2 ] 0 
Interpreting ''pie'' or circle graphs. 0 72 ] 
Constructing ''pie'' or circle graphs. 0 2 ] 
Using slide rule to solve mathematical 
problems. 0 2 1 
Using calculator for basic 
operations. 0 3 0 
Knowledge of set theory. ] l ] 
Completing business forms, (e.g. in- 
voices, work orders, bills of sale). 2 l 0 

2 ] 0 


Record keeping. 


Solving vector analysis problems. ] 2 0 
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TABLE VIII 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR 


GROUP al JOURNEYMEN - HEAVY DUTY MECHANICS SAMPLE 


MATHEMATICAL KNOWLEDGE 


AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 

Basic operations (+, -, xX, =) with 

whole numbers. 3 0 0 

Basic operations with common 

fractions. 3 0 0 

Basic operations with decimals and 

percent. ; 3 0 0 

Conversion of common fractions to 

decimals or percent and vice versa. ! Z 0 

Using percent to calculate interest, 

mark-up and/or discount. 0 2 l 

Knowing common metric weights and 

measures. 2 | 0 

Knowing common English weights and 

measures. 3 0 0 

Converting English to metric weights 

and measures. 2 ] 1 

Measuring with rule or tape. 3 0) 0 

Measuring wit! micrometer, 3 0 0 

Estimation of measurements, (e.g. 

hold electrode 1/8'' from work). 2 | 0 

Reading gauges and meters. 3 0 0 

Calculating ratio and/or proportion. 1 2 0 

Solving ratio and proportion problems, 

(e.g. interpreting scale drawings). ! | | 

Finding Powers of numbers. 0 | 2 

Using mathematical tables. 0 2 | 

Calculating square root. 0 1 2 

Using scientific notation (powers 

OO) ie 0 | 2 

Using common logarithms to solve 

mathematical problems. 0 0 3 

Basic operations with positive and 

negative numbers. | | | 

Basic operations with literal 

expressions (algebra). | ] 1 
2 ] 0 


Interpreting line and/or bar graphs. 


lGroup A = Journeymen having 5 years or less of experience in their 
trade. ‘ 
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TABLE VIII (contd.) 


a 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 


a 


Constructing line and/or bar graphs. 0 2 ] 


Applying formulas (by substitution of 
numerical values). I | 1 


Solving linear equations. 0 I 2 


Transposing, factoring and 


cancellation. 0 ] 72 
Solving simultaneous equations. 0 ] 2 
Solving quadratic equations. 0 0 3 


Knowing meaning of parallelism between 


lines and/or planes. ] | ] 
Identifying basic geometric figures such 

as square, rectangle, hexagon, cylinder. 2 0 ] 
Measuring angles. 7 ] 0 


Laying out or adjusting angles to 


given number of degrees. 2 0 ] 

Calculating area of square or 

rectangle. 2 0 ] 

Calculating circumference and/or area 

off tcinele. 22 0 ] 

Finding unknown side of right triangle 

(Pythagorean theorem) . 0) | 2 

Finding area and/or volume of rec- 

tangular solids, (e.g. tanks). 2 0 1 

Finding area and/or volume of 

cylinders. # 0 ] 

Interpreting ''pie'' or circle graphs. 2 0 | 

Constructing ''pie'' or circle graphs. ] ] | 

Using slide rule to solve mathematical 

problems. *0 | 2 

Using calculator for basic 

operations. 0) | 2 

Knowledge of set theory. 0 | 2 

Completing business forms, (e.g. in- 

voices, work orders, bills of sale). 2 1 0 
} 2 0 


Record keeping. 


Solving vector analysis problems. 0 0 2 
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TABLE IX 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR 


GROUP B- JOURNEYMEN - HEAVY DUTY MECHANICS SAMPLE 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 
Basic operations (+, -, x, ~) with 


NECESSARY DESIRABLE NOT NEEDED 


whole numbers. 5 0 0 

Basic operations with common 

fractions. 4 1 0 

Basic operations with decimals and 

percent. 4 1 0 

Conversion of common fractions to 

decimals or percent and vice versa. 3 2 0) 

Using percent to calculate interest, 

mark-up and/or discount. 3 2 0 

Knowing common metric weights and 

measures. 2 5) 0 

Knowing common English weights and 

measures. 5 0 0 

Converting English to metric weights 

and measures. | 3 | 

Measuring with rule or tape. 4 | 0 

Measuring witl micrometer. 5) 0 0 

Estimation of measurements, (e.g. 

hold electrode 1/8'' from work). 4 | 0 

Reading gauges and meters. 5 0 0 

Calculating ratio and/or proportion. 5 0 0 

Solving ratio and proportion problems, 

(e.g. interpreting scale drawings). 4 | 0) 

Finding Powers of numbers. | 3 | 

Using mathematical tables. 3 2 0 

Calculating square root. | | 3 

Using scientific notation (powers 

of 10). | ] 3} 

Using common logarithms to solve 

mathematical problems. 2 | 2 

Basic operations with positive and 

negative numbers. | ] 3 

Basic operations with literal 

expressions (algebra). | 1 3 
2 5) 0 


Interpreting line and/or bar graphs. 


Group B = Journeymen having more than 5 years of experience in 
their trade. 
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TABLE 1X (contd.) 


a ee ee | Pe ee ee eee eee Pe OR BR OM ie 
MATHEMATICAL KNOWLEDGE 


AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 
2 Sus Wek oe Ste ee en Ve rl Od KR ke A ON ee eta 0p aE tery 4 Rare 
Constructing line-and/or bar graphs. 0 4 l 
Applying formulas (by substitution of 
numerical values). | 1 3 
Solving linear equations. 1 2 2 
Transposing, factoring and 
cancellation. 1 22 2 
Solving simultaneous equations. ] 2 2 
Solving quadratic equations. 0 2 3 
Knowing meaning of parallelism between 
lines and/or planes. 2 2 1 
Identifying basic geometric figures such 
as square, rectangle, hexagon, cylinder. 2 3 0 
Measuring angles. 7 3 0 
Laying out or adjusting angles to 
given number of degrees. 2 2 | 
Calculating area of square or 
rectangle. 0 4 0 
Calculating circumference and/or area 
of cirelie. 2 3 0 
Finding unknown. side of right triangle 
(Pythagorean theorem) . 0 3 2 
Finding area and/or volume of rec- 
tangular solids, (e.g. tanks). 0 5 ) 
Finding area and/or volume of 
cylinders. 3 2 0 
Interpreting ''pie'' or circle graphs. 0 3 2 
Constructing ''pie'' or circle graphs. 0 3 2 
Using slide rule to solve mathematical 
problems. 0 3 Z 
Using calculator for basic 
operations. ] 3 | 
Knowledge of set theory. 2 ] 1 
Completing business forms, (e.g. in- 
voices, work orders, bills of sale). 3 2 0 
Record keeping. 3 72 0 
Solving vector analysis problems. 1 2 2 
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TABLE X 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR 
INSTRUCTOR GROUP - HEAVY DUTY MECHANICS SAMPLE 


MATHEMATICAL KNOWLEDGE 


AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 

Basic operations (+, -, x, ~) with 

whole numbers. 4 0) 0) 

Basic operations with common 

fractions. 4 0) 0 

Basic operations with decimals and 

percent. 4 0 0 

Conversion of common fractions to 

decimals or percent and vice versa. 4 0 0 

Using percent to calculate interest, 

mark-up and/or discount. 0 3} | 

Knowing common metric weights and 

measures. 3 | 0 

Knowing common English weights and 

measures. b 0 0 

Converting English to metric weights 

and measures. 4 0 0) 

Measuring with rule or tape. 4 0 0 

Measuring with micrometer. 4 0 0 

Estimation of measurements, (e.g. 

hold electrode 1/8'' from work). 4 0 ) 

Reading gauges and meters. 4 0 0 

Calculating ratio and/or proportion. 2 2 | 

Solving ratio and proportion problems, 

(e.g. interpreting scale drawings). 3 0 1 

Finding Powers of numbers. 0 ) 3 

Using mathematical tables. 0 2 2 

Calculating square root. 0) | 3 

Using scientific notation (powers 

of 10))= 0 0) 4 

Using common logarithms to solve 

mathematical problems. 0 0 4 

Basic operations with positive and 

negative numbers. 2 | | 

Basic operations with literal 

expressions (algebra). ] 3 0 
| 3 0 


Interpreting line and/or bar graphs. 
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TABLE X (contd.) 


ee SR na ae Be PE A Pe 
MATHEMATICAL KNOWLEDGE 


AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 
Constructing line and/or bar graphs. 0 2 2 
Applying formulas (by substitution of 
numerical values). 1 2 1 
Solving linear equations. ] ] 2 
Transposing, factoring and 
cancellation. ] 0 3 
Solving simultaneous equations. 0 0 iF 
Solving quadratic equations. 0 0 4 
Knowing meaning of parallelism between 
lines and/or planes. ] ] 2 
Identifying basic geometric figures such 
as square, rectangle, hexagon, cylinder. 4 0 0 
Measuring angles. 4 0 0 
Laying out or adjusting angles to 
given number of degrees. 3 ] 0 
Calculating area of square or 
rectangle. 3 | 0 
Calculating circumference and/or area 
of circle. 3} ] 0 
Finding unknown side of right triangle 
(Pythagorean theorem) . 0 4 0 
Finding area and/or volume of rec- 
tangular solids, (e.g. tanks). 4 0 0 
Finding area and/or volume of 
cylinders. 4 0 0) 
Interpreting ''pie'' or circle graphs. 1 | 2 
Constructing ''pie'' or circle graphs. 0 ] 2 
Using slide rule to solve mathematical 
problems. 1 2 2 
Using calculator for basic 
operations. 0 4 0 
Knowledge of set theory. ] 0 3 
Completing business forms, (e.g. in- 
voices, work orders, bills of Salle). 2 ] ] 
Record keeping. 2 ] ] 
Solving vector analysis problems. 0 0 3 
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TABLE XI 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR 
PERCENTAGES FOR HEAVY DUTY MECHANICS SAMPLE 


MATHEMATICAL KNOWLEDGE NECESSARY DESIRABLE NOT NEEDED 
AND SKILL ITEMS NO. % NO. % NO. 4 


Basic operations (+, -, x, +) with 


whole numbers. 14 93.3 1 6.7 0 0.0 
Basic operation with common 

fractions. 13 86.7 2 Sia3} 0 0.0 
Basic operations with decimals and 

percent. 13 86.7 l 6.7 1 6.7 
Conversion of common fractions to 

decimals or percent and vice versa. 8 53.5 6 40.0 l 6.7 
Using percent to calculate interest, : 

mark-up and/or discount. 5} 20.0 9 60.0 3 20.0 
Knowing common metric weights and 

measures. 8 Cis} 45) 7 46.7 0 0.0 
Knowing common English weights and 

measures. 15 100.0 0 0.0 0 0.0 
Converting English to metric weights 

and measures. 8 53.3 6 ho.4 1 6.7 
Measuring with rule or tape. 14 93.3 ] 6.7 0 0.0 
Measuring with micrometer. 15 100.0 0 0.0 0 0.0 
Estimation of measurements, (e.g. 

hold electrode 1/8'' from work) . 12 80.0 2 i3e3 1 6.7 
Reading gauges and meters. 15 100.0 0 0.0 0 0.0 
Calculating ratio and/or proportion. 9g 60.0 6 40.0 0 0.0 
Solving ratio and proportion problems 

(e.g. interpreting scale drawings). 8 53.3 if 26.7 3 20.0 
Finding Powers of numbers. 1 Test: 6 42.9 i] 50.0 
Using mathematical tables. 3 20.0 8 53.3 4 eT 
Calculating square root. ] 6.7 4 26.7 10 66.7 
Using scientific notation (powers 

Ofe 10). 2 1373 2 1B ia3 im 135 
Using common logarithms to solve 

mathematical problems. 2 li3i93 2) 303} 1] Usa s 
Basic operations with positive and 

negative numbers. 5 33}083 4 26.7 6 40.0 
Basic operations with literal 

expressions (algebra). 3 20.0 6 40.0 6 40.0 


Interpreting line and/or bar graphs. 5 a Sha. 8 53.3 2 li3ia3 
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TABLE XI (contd.) 


a 


MATHEMATICAL KNOWLEDGE NECESSARY DESIRABLE NOT NEEDED 
AND SKILL ITEMS NO. 03 NO. "A NO. % 

eee rene ee pO eae a SE BS ER SE S0 eS Nee a OS is En ME oe 
Constructing line and/or bar graphs. 0 0.0 9 60.0 6 40.0 
Applying formulas (by substitution of 
numerical values). 3 20.0 5 B33 7 46.7 
Solving linear equations. 2 Bes} 5 3373 8 53.3 
Transposing, factoring and 
cancellation. 2 13-3 4 AO i 9 60.0 
Solving simultaneous equations. 1 6.7 4 26.7 10 66.7 
Solving quadratic equations. 0) 0.0 3 20.0 12 80.0 
Knowing meaning of parallelism between 
lines and/or planes. 4 26.7 5 33/53 6 40.0 
Identifying basic geometric figures such 
as square, rectangle, hexagon, cylinder. 9 60.0 rn ASI) 2 e533 
Measuring angles. 9 60.0 6 40.0 0 0.0 
Laying out or adjusting angles to 
given number of degrees. 8 53.3 4 2607 3 20.0 
Calculating area of square or ; 
rectangle. 6 42.9 6 42.9 2 14.3 
Calculating circumference and/or area 
Of mciiInc lies 8 Sho) 5 33330 5) 2 1333 
Finding unknown side of right triangle 
(Pythagorean theorem) . 0 0.0 10 66.7 5 388) 
Find area and/or volume of rec- 
tangular solids, (e.g. tanks). i 46.7 7 46.7 1 6.7 
Finding area and/or volume of 
cylinders. 1] 73.3 3 20.0 | 6.7 
Interpreting ''pie'' or circle graphs. 3 20.0 6 40.0 6 40.0 
Constructing "pie'' or circle graphs. ] iol 7 50.0 6 42.9 


Using slide rule to solve mathematical 
problems. 0 0.0 8 53.3 7 46.7 


Using calculator for basic 


operations. l 6.7 1] UE3 3 20.0 
Knowledge of set theory. 4 PS. 7 3 Dipl 7 50.0 
Completing business forms, (e.g. in- 

voices, work orders, bills of sale). 9 60.0 5 535) a5! l 6.7 
Record keeping. 8 53.3 6 40.0 1 Ga 
Solving vector analysis problems. 2 15.4 4 30.8 11 53.8 
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Data Tabulation for the Welders Sample 

Table XII shows mathematical knowledges and skills frequencies ob- 
tained from four completed research instruments returned by supervisors 
from the Welders sample. 

Table XIII shows mathematical knowledges and skills frequencies ob- 
tained from four completed research instruments returned by group a 
journeymen from the Welders sample. 

Table XIV shows mathematical knowledges and skills frequencies 
obtained from three completed research instruments returned by group B 
journeymen from the Welders sample. 


Table XV shows mathematical knowledges and skills frequencies 


obtained from five completed research instruments returned by instructors 


from the Welders sample. 


Table XVI shows mathematical knowledges and skills frequencies and 


percentages combined for the 16 respondents from the Welders sample. 


Vereup A = journeymen having 5 years or less of experience in their 
trade. 


AS B = journeymen having more than 5 years of experience in 
their trade. 
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TABLE XII 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR 
SUPERVISOR - WELDERS SAMPLE 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 


Basic operations (+, -, x, ~) with 
whole numbers. 


Basic operations with common 
fractions. 


Basic operations with decimals and 
percent. 


Conversion of common fractions to 
decimals or percent and vice versa. 


Using percent to calculate interest, 
mark-up and/or discount. 


Knowing common metric weights and 
measures. 


Knowing common English weights and 
measures. 


Converting English to metric weights 
and measures. 


Measuring with rule or tape. 


Measuring with micrometer. 


Estimation of measurements, (e.g. 
hold electrode 1/8'' from work). 


Reading gauges and meters. 


Calculating ratio and/or proportion. 


Solving ratio and proportion problems, 
(e.g. interpreting scale drawings). 


Finding Powers of numbers. 
Using mathematical tables. 


Calculating square root. 
Using scientific notation (powers 
OE IO) 


Using common logarithms to solve 
mathematical problems. 


Basic operations with positive and 
negative numbers. 


Basic operations with literal 
expressions (algebra). 


Interpreting line and/or bar graphs. 


NECESSARY 


DESIRABLE 


13 


NOT NEEDED 
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TABLE X11 (contd.) 


ee oe ee ee eer 2s |e at emer ae es 8 AW lew be Poe de 
MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 


8 


Constructing line and/or bar graphs. ] 3 0 


Applying formulas (by substitution of 
numerical values). 3 1 0 


Solving linear equations. 2 2 0 


Transposing, factoring and 


cancellation. ] 3 0 
Solving simultaneous equations. 0 3 ] 
Solving quadratic equations. 0 2 2 


Knowing meaning of parallelism between 


lines and/or planes. 3 ] 0 
Identifying basic geometric figures such 

as square, rectangle, hexagon, cylinder. 4 0 0 
Measuring angles. / 4 0 0) 


Laying out or adjusting angles to 


given number of degrees. 4 0 0 

Calculating area of square or 

rectangle. 4 0 ) 

Calculating circumference and/or area 

of Gincle. 4 0 0 

Finding unknown side of right triangle 

(Pythagorean theorem). | 3 0 

Finding area and/or volume of rec- 

tangular solids, (e.g. tanks). 4 0 0 

Finding area and/or volume of 

cylinders. 4 0 0 

Interpreting "'pie'’ or circle graphs. 2 72 0 

Constructing "'pie'' or circle graphs. 22 2 0 

Using slide rule to solve mathematical 

problems. ] 3 0 

Using calculator for basic 

Operations. 2 2 0 

Knowledge of set theory. 2 ] ] 

Completing business forms, (e.g. in- 

voices, work orders, bills of sale). 2 1 1 

Record keeping. 3 0 ] 
] ] 2 


Solving vector analysis problems. 
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TABLE XIII 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR 


GROUP al JOURNEYMEN - WELDERS SAMPLE 


MATHEMATICAL KNOWLEDGE 


AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 

Basic operations (+, -, x, ~) with 

whole numbers. 4 0) 0 

Basic operations with common 

fractions. 4 0 0 

Basic operations with decimals and 

percent. 2 2 0 

Conversion of common fractions to 

decimals or percent and vice versa. 72 Z 0 

Using percent to calculate interest, 

mark-up and/or discount. 2 | l 

Knowing common metric weights and 

measures. 0 3 ] 

Knowing common English weights and 

measures. 4 0 0 

Converting English to metric weights 

and measures. 0 3 ] 

Measuring with rule or tape. 4 0 0 

Measuring wit!) micrometer. 0 3) l 

Estimation of measurements, (e.g. 

hold electrode 1/8'' from work). 4 0) 0 

Reading gauges and meters. 2 2 0 

Calculating ratio and/or proportion. 2 2 0 

Solving ratio and proportion problems, 

(e.g. interpreting scale drawings). 2 2 0 

Finding Powers of numbers. 2 0 2 

Using mathematical tables. 2 2 0 
3 ] 0 


Calculating square root. 


Using scientific notation (powers 
Git WO). 0 7p. 2 


Using common logarithms to solve 


mathematical problems. 0 2 2 

Basic operations with positive and 

negative numbers. ] ] 2 

Basic operations with literal 

expressions (algebra). 0 2 2 
0 2 2 


Interpreting line and/or bar graphs. 


lGroup A = Journeymen having 5 years or less of experience in their 


trade. 
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TABLE XII1 (contd.) 


a ee 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 


eee — — ——— 


Constructing line and/or bar graphs. 0 2 2 


Applying formulas (by substitution of 
numerical values). 1 2 1 


Solving linear equations. ] 3 0) 


Transposing, factoring and 


cancellation. 2 0 2 
Solving simultaneous equations. 0 9 2 
Solving quadratic equations. 0 2 2 


Knowing meaning of parallelism between 


lines and/or planes. 3 ] 0 
Identifying basic geometric figures such 

as square, rectangle, hexagon, cylinder. 4 0 0 
Measuring angles. 4 0 0 


Laying out or adjusting angles to 


given number of degrees. 3 ] 0 
Calculating area of square or 

rectangle. 4 0 0 
Calculating circumference and/or area 

of circle. 4 0) 0 
Finding unknown side of right triangle 

(Pythagorean theorem) . 3 0 | 
Finding area and/or volume of rec- 

tangular solids, (e.g. tanks). 4 0 0 
Finding area and/or volume of 

cylinders. 4 0 0) 
Interpreting ''pie'' or circle graphs. 3 0 | 
Constructing ''pie'' or circle graphs. 3 0 ] 
Using slide rule to solve mathematical 

problems. ] 2 ] 
Using calculator for basic 

operations. 3 ] 0 
Knowledge of set theory. 3 (0) ] 
Completing business forms, (e.g. in- 

voices, work orders, bills of sale). 2 2 0 
Record keeping. 2 2 0 
Solving vector analysis problems. 0 2 2 


Gare ye 1 oe 9 2m 1) C8. Ge 


4 
; a e : 
pV BE 
§ ye maT ’ 
serra @ tae w “ela wit ” . és oo 
FSSA jahmmslty he, gil Fe ee lm et LT Sea 

i > , i 

id Hired a aeely 

= ee 
é : cetyl nome: 
. o an 7 
: PLO “gee oY ; 

> wie, é ete eet 
ae Re 

" é = ] he 

‘ de, } 
ae ay f 1 
i 
¢ 
: 
’ wor 
a r, a : f 


83 


TABLE XIV 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR 


GROUP B? JOURNEYMEN - WELDERS SAMPLE 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 
ee ee eer aN es eee ee oe eh Mae Sd ee ee 
Basic operations (+, -, x, +) with 


NECESSARY DESIRABLE NOT NEEDED 


whole numbers. 3 0 0) 
Basic operations with common 
Fractions. 3 0 0 
Basic operations with decimals and 
percent. ] ] ] 
Conversion of common fractions to 
decimals or percent and vice versa. | | | 
Using percent to calculate interest, 
mark-up and/or discount. 0 2 l 
Knowing common metric weights and 
measures. 0) 3 0) 
Knowing common English weights and 
measures. 3 0) 0 
Converting English to metric weights 
and measures. 0 2 ] 
Measuring with rule or tape. 3 0 0 
Measuring wit!) micrometer. ] l ] 
Estimation of measurements, (e.g. 
hold electrode 1/8'' from work). 3 0 0 
Reading gauges and meters. 3 0 0 
Calculating ratio and/or proportion. ] 2 0 
Solving ratio and proportion problems, 
(e.g. interpreting scale drawings). 2 1 0 
Finding Powers of numbers. 0 2 ] 
Using mathematical tables. 2 ] 0 
Calculating square root. 0 3 0 
Using scientific notation (powers 
oni (OH) ] 2 0 
Using common logarithms to solve 
mathematical problems. ] 0 2 
Basic operations with positive and 
negative numbers. 2 0 ] 
Basic operations with literal 

0 2 ] 


expressions (algebra). 


Interpreting line and/or bar graphs. 


“Group B = Journeymen having more than 5 years of experience in 
their trade. 
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TABLE ‘XIV (contd.) 


SSS en rg 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS NECESSARY DES|RABLE NOT NEEDED 


rr 


Constructing line and/or bar graphs. ] ] ] 


Applying formulas (by substitution of 
numerical values). 1 1 l 


Solving linear equations. | 0 2 


Transposing, factoring and 


cancellation. 0 ] 2 
Solving simultaneous equations. 0 ] iz 
Solving quadratic equations. 0 ] 2 


Knowing meaning of parallelism between 


lines and/or planes. Z | 0 
Identifying basic geometric figures such 

as square, rectangle, hexagon, cylinder. 3 0 0 
Measuring angles. 3 0 0 


Laying out or adjusting angles to 


given number of degrees. 3 0 0 

Calculating area of square or 

rectangle. 2) ] 0 

Calculating circumference and/or area 

of circle. 3 0 0 

Finding unknown side of right triangle 

(Pythagorean theorem) . l 2 0 

Finding area and/or volume of rec- 

tangular solids, (e.g. tanks). 1 2 0 

Finding area and/or volume of 

cylinders. | 2 0) 

Interpreting ''pie'' or circle graphs. 2 1 0 

Constructing ''pie'’ or circle graphs. 2 ] 0 

Using slide rule to solve mathematical 

problems. @ 3 0 

Using calculator for basic 

operations. 0 Z 0 

Knowledge of set theory. 0 2 0 

Completing business forms, (e.g. in- 

voices, work orders, bills of sale). 0 1 2 

Record keeping. 0 2 ] 
0 i} 2 


Solving vector analysis problems. 
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TABLE XV 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR 
INSTRUCTOR GROUP - WELDERS SAMPLE 


SSS 


MATHEMATICAL KNOWLEDGE N a 
AND SKILL ITEMS ECESSARY DESIRABLE NOT NEEDED 


Basic operations (+, -, x, +) with 


whole numbers. 5 0 0) 
Basic operations with common 

fractions. 5 0 0 
Basic operations with decimals and 

percent. 4 ] ) 
Conversion of common fractions to 

decimals or percent and vice versa. 4 | 0) 
Using percent to calculate interest, 

mark-up and/or discount. 5 0 0 
Knowing common metric weights and 

measures. 4 1 0 
Knowing common English weights and 

measures. 5 0 0 
Converting English to metric weights 

and measures. : 2 5) 0 
Measuring with rule or tape. 5 0 0 
Measuring witl) inicrometer. | 4 0 
Estimation of measurements, (e.g. 

hold electrode 1/8'' from work) . 5 0 0 
Reading gauges and meters. 3 2 0 
Calculating ratio and/or proportion. 3 J ] 
Solving ratio and proportion problems, 

(e.g. interpreting scale drawings). 3 2 0 
Finding Powers of numbers. ] 2 72 
Using mathematical tables. ] 3 ] 
Calculating square root. 2 2 ] 


Using scientific notation (powers 
Orwell O)) ie 0 2 3 


Using common logarithms to solve 


mathematical problems. 0 1 4 
Basic operations with positive and 
negative numbers. 3 0) 2 
Basic operations with literal 

] 2 22 


expressions (algebra). 


Interpreting line and/or bar graphs. 2 
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TABLE XV (contd.) 


= nT INR ONelice™esseremcmcmmeemeee e e eee 


MATHEMATICAL KNOWLEDGE 


muh SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED 
SPAN ele SS, Bs wt A a Aap ee he hh Bh hl 2 eal dR tee 
Constructing line and/or bar graphs. 0 3 2 
Applying formulas (by substitution of 
numerical values). 5 0 : 0 
Solving linear equations. 2 3 0 
Transposing, factoring and 
cancel lation. 72 ] 2 
Solving simultaneous equations. 0 72 3 
Solving quadratic equations. 0 0 5 
Knowing meaning of parallelism between 
lines and/or planes. 3 2. 0 
Identifying basic geometric figures such 
as square, rectangle, hexagon, cylinder. 3 2 0 
Measuring angles. 5 2 0 
Laying out or adjusting angles to 
given number of degrees. 3 2 0 
Calculating area of square or 
rectangle. 3 2 0 
Calculating circumference and/or area 
of circle. 4 ] 0 
Finding unknown side of right triangle 
(Pythagorean theorem) . l 3 1 
Finding area and/or volume of rec- 
tangular solids, (e.g. tanks). 5 0 0 
Finding area and/or volume of 
cylinders. 5 0 0 
Interpreting ''pie'' or circle graphs. 3 ] | 
Constructing ''pie'’ or circle graphs. ] ] 3 
Using slide rule to solve mathematical 
problems. 0 4 1 
Using calculator for basic 
operations. 0 5 0 
Knowledge of set theory. 0 ] 4 
Completing business forms, (e.g. in- 
voices, work orders, bills of sale). 3 2 0 
Record keeping. 3 z 0 
Solving vector analysis problems. 0 2 3 
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TABLE XVI 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES AND 
PERCENTAGES FOR WELDERS SAMPLE 


DESIRABLE NOT NEEDED 


MATHEMATICAL KNOWLEDGE NECESSARY 


AND SKILL ITEMS NO. % NO. % NO. % 
Basic operations (+, -, x, *) with 
whole numbers. 16 100.0 0 0.0 0 0.0 
Basic operation with common 
Fractions. 16 100.0 0 0.0 0 0.0 
Basic operations with decimals and 
percent. 11 68.8 4 25.0 1 6.3 
Conversion of common fractions to 
decimals or percent and vice versa. 1 68.8 4 25.0 1 6.3 
Using percent to calculate interest, 
mark-up and/or discount. 9 56.3 5 31.3 2 12.5 
Knowing common metric weights and 
measures. 6 37.5 7 43.8 3 18.8 
Knowing common English weights and 
measures, 16 100.0 0) 0.0 0 0.0 
Converting English to metric weights 
and measures. 3 18.8 10 62.5 3 18.8 
Measuring with rule or tape. 16 100.0 0 0.0 0 0.0 
Measuring with micrometer. 4 26.7 9 60.0 2) 13.03) 
Estimation of measurements, (e.g. 
hold electrode 1/8'' from work). 16 100.0 0 0.0 0 0.0 
Reading gauges and meters. 2 75:60 4 250 0 0.0 
Calculating ratio and/or proportion. 8 50.0 7 43.8 1 6.3 
Solving ratio and proportion problems 
(e.g. interpreting scale drawings). 10 62.5 6 Bia5: 0 0.0 
Finding Powers of numbers. i 25.0 6 37.5 6 37.5 
Using mathematical tables. 8 50.0 i 43.8 l 6.3 
Calculating square root. 7 43.8 7 43.8 2 12.5 
Using scientific notation (powers 
oF VO) ] 6.3 8 50.0 7 43.8 
Using common logarithms to solve 
mathematical problems. 2 12.5 6 37.5 8 50.0 
Basic operations with positive and 
negative numbers. 8 50.0 3 18.8 5 34) 3} 
Basic operations with literal 
expressions (algebra). 2 1205 3) 56.3 5 Sills! 


Interpreting line and/or bar graphs. 5 Bil 6 Bye 5 Biles 
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TABLE XVI (contd.) 


wae IE ee SE ese ee Ay Oc oo 


MATHEMATICAL KNOWLEDGE NECESSARY DESIRABLE NOT NEEDED 
AND SKILL ITEMS NO. % NO. % NO. % 

AES ee) Ee ee ee ee ee te ee oe) ae eee 

Constructing line and/or bar graphs. 2 12.5 9 56.3 5 31.3 

Applying formulas (by substitution of 

numerical values). 10 62.5 4 25.0 2 12.5 

Solving linear equations. 6 B75 8 50.0 2 12S 

Transposing, factoring and 

cancellation. 5 313 5 Blas 6 37.5 

Solving simultaneous equations. 0 0.0 8 50.0 8 50.0 

Solving quadratic equations. 0 0.0 5 31.3 1] 68.8 

Knowing meaning of parallelism between 

lines and/or planes. 11 68.8 5 31.3 0 0.0 

Identifying basic geometric figures such 

as square, rectangle, hexagon, cylinder. 14 87.5 2 12.5 0 0.0 

Measuring angles. 14 S7E5 2 225 0 0.0 

Laying out or adjusting angles to 

given number of degrees. 13 81.3 3 18.8 0) 0.0 

Calculating area of square or 

rectangle. 13 81.3 3 18.8 0 0.0 

Calculating circumference and/or area 

of circle. 15 93.8 | 6.3 0 0.0 

Finding unknown side of right triangle 

(Pythagorean theorem) . 6 3/05 8 50.0 2 1225 

Find area and/or volume of rec- 

tangular solids, (e.g. tanks). 14 87.5 2 12 0) 0.0 

Finding area and/or volume of 

cylinders. 14 87.5 2 12.5 0 0.0 

Interpreting ''pie'’ or circle graphs. 10 62.5 4 25.0 2 12.5 

Constructing ''pie'' or circle graphs. 8 50.0 5 Bilis 3 18.8 

Using slide rule to solve mathematical 

problems. 2 12.5 12 75.0 2 125 

Using calculator for basic 

operations. 5 3373 10 66.7 0 0.0 

Knowledge of set theory. 5 B33 4 26.7 6 40.0 

Completing business forms, (e.g. in- 

voices, work orders, bills of sale). 7 43.8 6 37.5 3 18.8 

Record keeping. 8 50.0 6 3715 2 12.5 
] 6.3 6 SM oe) 9 56.3 


Solving vector analysis problems. 
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Data Tabulation for Three Samples Combined 


Table XVII shows mathematical knowledges and skills frequencies and 
percentages for 50 respondents from the three samples combined. This 
number includes 19 respondents from the Motor Mechanics sample, 15 
respondents from the Heavy Duty Mechanics sample, and 16 respondents 


from the Welders sample. 
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TABLE XVII 


MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR 
PERCENTAGES FOR THREE SAMPLES COMBINED 


DESIRABLE NOT NEEDED 


NECESSARY 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS NO. % NO. % NO. % 

Se a a a a ae a ae a aaa a Se pss ances ae ces eres eee 
Basic operations (+, -, x, +) with 
whole numbers. 48 96.0 l 2.0 1 2.0 
Basic operation with common 
Fractions. 47 94.0 3 6.0 0 0.0 
Basic operations with decimals and 
percent. 4] 82.0 7 14.0 2 4.0 
Conversion of common fractions to 
decimals or’ percent and vice versa. 37 70.0 12 24.0 3 6.0 
Using percent to calculate interest, 
mark-up and/or discount. 21 42.0 20 40.0 9 18.0 
Knowing common metric weights and 
measures. 27 54.0 19 38.0 h 8.0 
Knowing common English weights and 
measures. 4s 90.0 2 4.0 3 6.0 
Converting English to metric weights 
and measures. 22 4h 0 23 46.0 5 10.0 
Measuring with rule or tape. 48 96.0 2 4.0 0 0.0 
Measuring with micrometer. 36 73.5 1] 22.4 2 4] 
Estimation of measurements, (e.g. 
hold electrode 1/8'' from work) . 4] 82.0 7 14.0 2 4.0 
Reading gauges and meters. AS 90.0 5 10.0 0) 0.0 
Calculating ratio and/or proportion. 32 64.0 17 34.0 ] 2.0 
Solving ratio and proportion problems 
(e.g. interpreting scale drawings). 26 52.0 18 36.0 6 12.0 
Finding Powers of numbers. 5 10.2 16 sya) 28 ical 
Using mathematical tables. 16 B20 26 52.0 8 16.0 
Calculating square root. 10 20.0 13 26.0 27) 54.0 
Using scientific notation (powers 
of 10); 3 6.0 15 30.0 32 64.0 
Using common logarithms to solve 
mathematical problems. 7 14.0 10 20.0 33 66.0 
Basic operations with positive and 
negative numbers. 17 34.0 14 28.0 19 38.0 
Basic operations with literal 
expressions (algebra). 8 16.0 22 ) 20 40.0 


Interpreting line and/or bar graphs. 14 28.0 24 48.0 12 24.0 
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TABLE XVII (contd.) 


es ee 


MATHEMATICAL KNOWLEDGE NECESSARY DESIRABLE NOT NEEDED 
AND SKILL ITEMS NO. % NO. % NO. % 

Constructing line and/or bar graphs. 5 10.0 25 50.0 20 40.0 
Applying formulas (by substitution of 
numerical values). 16 32.0 17 34.0 17 34.0 
Solving linear equations. 10 20.0 7 34.0 23 46.0 
Transposing, factoring and 
cancellation. 10 20.0 12 24.0 28 56.0 
Solving simultaneous equations. 3 6.0 12 24.0 35 70.0 
Solving quadratic equations. ] 2 (0) 10 20.0 39 78.0 
Knowing meaning of parallelism between 
lines and/or planes. 20 40.0 17 34.0 13 26.0 
Identifying basic geometric figures such 
as Square, rectangle, hexagon, cylinder. 35 70.0 1] 22.0 k 8.0 
Measuring angles. 37 74.0 13 26.0 0 0.0 
Laying out or adjusting angles to 
given number of degrees. 35 70.0 1 22.0 4 8.0 
Calculating area of square or 
rectangle. 28 Slot 16 Silo 5 10.2 
Calculating circumference and/or area 
of circle. 34 68.0 12 24.0 4 8.0 
Finding unknown side of right triangle 
(Pythagorean theorem) . 8 16.0 24 48.0 18 36.0 
Find area and/or volume of rec- 
tangular solids, (e.g. tanks). 28 56.0 18 36.0 4 8.0 
Finding area and/or volume of 
cylinders. 35 70.0 12 24.0 3 6.0 
Interpreting ''pie'' or circle graphs. 20 40.0 14 28.0 16 32.0 
Constructing ''pie!' or circle graphs. 13 26.5 17 34.7 19 38.8 
Using slide rule to solve mathematical 
problems. 3 6.0 32 64.0 15 30.0 
Using calculator for basic 
operations. 6 22 33 67.3 10 20.4 
Knowledge of set theory. 14 29.2 1] 22.9 23 47.9 
Completing business forms, (e.g. in- 
voices, work orders, bills of sale). 26 52.0 19 38.0 5 10.0 
Record keeping. 25 50.0 21 42.0 4 8.0 


Solving vector analysis problems. 4 8.3 14 29.2 30 62.5 
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Comments and Mathematical Shortcuts 

The research instrument used in the study included a request di- 
rected to the respondent that he write in comments or describe any mathe- 
matical shortcuts that might be used in the practice ee trade. The 
request for mathematical shortcuts had been included in the research 
instrument to identify those shortcuts that might be included as 
curriculum content in mathematics courses designed to meet the needs of 
students enrolled in vocational education courses at the high school 
level. 

An examination of the 50 completed questionnaires returned showed 
that the request for comments or mathematical shortcuts had elicited 17 
replies. These replies were found to be unevenly distributed among nine 
of the twelve sample Rte tine in the study. Because of the nature of 
the replies and their uneven distribution among sample subgroups, it was 


decided to reproduce these comments verbatim rather than to attempt 


tabulation. 
The Motor Mechanics Sample 
Supervisors. The lone respondent in this category suggested ''More 


training in metric measurement"! and ''Complete turn over [sic] into 


metric’. 
Journeymen, Group A. Two replies were found in this category: 
1. More metrics. 


2. Measuring angles is becoming more important. A 
practicing journeyman mechanic can do very well 
on secondary school level mathematics. Only if 
he becomes involved in his own business need he 
know more - ji.e., record keeping, etc. The 
most difficult problem that most (90%) of the 
mechanics would encounter would be something to 
the effect of: If a car used .178 gal. of 
gasoline to travel 3 miles, how many miles to 
the gallon is that? Being involved in the re- 
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pair of a machine does not make it necessary 
to know the math of design. 


Journeymen, Group B. The respondent in this category suggested 


"Require more metric conversion’. 
Instructors. This group produced three replies: 


1. Mathematical theory, unless used, becomes 
stale. % [therefore] essential theory is all 
that is necessary. 


2. The understanding of the physical world is 
the important part. The mathematics is a 
means of precise comparison that is essential 
for design but not necessary but desirable 
for the practice of the trade. 


3. Auto mechanics use conversion charts for 
[converting] fractions to decimals and for 
finding volumes where possible. 


The Heavy Duty Mechanics Sample 


Only one reply was found among the completed questionnaires from 
this sample: 


Journeymen, Group B. This respondent suggested: ''Mathematics is 


necessary in the motor trade but practical [skill] is more important’. 


The Welders Sample 
Supervisors. Three replies were received from this category of the 


sample: 


1. Use of math, tables, %. .Mr. Verret - you either 
know the method or you must hire someone to 
compute, complete and record, i.e. #41 [Using 
calculator for basic operations], 43 [Completing 
business forms], 44 [Record keeping]. When 
metric system becomes universal, #6 [Knowing 
common metric weights and measures], 8 [Con- 
verting English to metric weights and 
measures] are necessary. 


2. Basic math. Old math. 
3. Use of framing square to determine pitches, 


stair treads etc. Use of level for lining up 
frames etc. Use of protractor for determining 
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94 
angles etc. 
Journeymen, Group A. Three comments were found in this category: 


1. This questionnaire should have been completed by 
a private welder rather than one who works in a 
shop where the greater percentage of the math is 
all figured out on blueprints. 


2. Basic mathematics very essential. 


3. You need common sense. 


Journeymen, Group B. Two respondents from this category wrote in 


comments: 


1. A basic knowledge of mathematics in all its forms 
is generally sufficient for shop floor practices. 
Shortcuts are used, but only after a lengthy peri- 
od of proper work procedure has been observed, and 
experience gained. 


2. The more knowledge a person has the more 
successful he will be. A certain amount of mathe- 
matical shortcuts can be learned after more ex- 
perience is gotten. 


Instructors. One respondent in this category provided two mathe- 
matical shortcuts used in the trade in connection with machine work: 


4 x cutting speed 


bg chats ge Diameter of shaft or stock 


26 taprdri lls tzer= 


| 


outside diameter of bolt - # threads per tach 


ouonbe, etn7 te} aah win, Bae 


ie beige Shintieg ore: rere, ilk 

* tl 7 im wi! ght: mers iS 7 

et dish o0 Wb wpa imigy 7 ent | 
ie ® 


ones cet 


1 Oo yee mgt « Foon 


| ot offen da trans i Fouad 

; Ee oy AW snot 0h 
; “a fae Leite yee 
nit boVvy2 


q . 
f 


cain 4a 1 \ 
ta set Re yaad ey? 
‘shndar ‘sh Lite ee cee ar 
. 


ms, 


i= 


, ( 2 
, , - 7 >? as 
ies i 9 & 
ap s 7 
a.) 
a "> a 


CHAPTER IV 
PRESENTATION OF FINDINGS 

The previous che dtee described the populations and sampling pro- 
cedure for the study and the research instrument used in the study. 
Also dealt with were the execution of the pilot study, the distribution 
of research instruments for the study, the tabulation of data collected 
for the study and the comments and mathematical shortcuts provided by 
the respondents in the study. 

This chapter presents the data collected in the study in the form 
of compound bar histograms and proposes a method of using these histo- 
grams to design mathematics courses to meet the needs of students 
enrolled in high school vocational education programs. 

The Histograms 

The mathematical knowledges and skills frequencies for each sample 
were converted into percent proportions of response alternatives for 
each of the 45 questionnaire items. These percentages were then 
graphically illustrated by means of a compound bar histogram for each of 
the three samples, namely, the Motor Mechanic sample, the Heavy Duty 
Mechanic sample, and the Welder sample. A fourth compound bar histogram 
shows the combined percent proportions of response alternatives selected 
by respondents from the three samples named above. 

Figure 1 shows the percent proportions of respondents from the 
Motor Mechanic sample who rated each mathematical knowledge and skill 
item as ''necessary'', ''desirable'', or ''not needed'' by journeymen in order 
that they may be able to practice their trade in a successful manner. 

Figure 11 shows the percent proportions of respondents from the 


Heavy Duty Mechanic sample who rated each mathematical knowledge and 
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skill item as ''necessary"', ''desirable'', or "not needed'' by journeymen in 
order that they may be able to practice their trade in a successful 
manner. 

Figure 111 shows the percent proportions of respondents from the 
Welder sample who rated each mathematical knowledge and skill item as 
"necessary'', ''desirable'', or ''not needed'' by journeymen in order that 
they may be able to practice their trade in a successful manner. 

Figure IV shows the combined percent proportions of respondents 
from the Motor Mechanic sample; the Heavy Duty Mechanic sample and the 
Welder sample who rated each mathematical knowledge and skill item as 
"necessary'', ''desirable'', or ''not needed'' by journeymen in order that 
they may be able to practice their respective trades in a successful 
manner. 

The percent proportions of respondents who rated each mathematical 
competency item as ''necessary'' are represented by a line pattern at the 
left-hand end of each compound bar. The percent proportions of re- 
spondents who rated each mathematical competency item as ''not needed'' 
are represented by an unpatterned segment situated at the right-hand end 
of each compound bar. The percent proportion of respondents who rated 
mathematical competency items as ''desirable'' are represented by a random 
dot pattern situated between the other two segments of each compound 
bar. 

Percent figures shown on the compound bar segments have been 
rounded off to the nearest 0.1] percent. For this reason all triads of 


percent figures may not total exactly 100.0 percent. 
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FIGURE | 


MATHEMATICAL [spe AND ie PERCENTAGES 
OR MOTOR MECHAN 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 


Basic operations (+, ) 
whole numbers. 
Basic operations with 
fractio 
Basic op tions with d ] 
percent. 
Conversion of common frac 
decimals or percent and v 
Using percent calcula 
mark-up: and/or discount. 
Knowing common tric ights 
measures, 
Knowing common English igh 
asures 
Converting English 
and measures. 
Mea ing with rule or p 
M ng with omet 
ion of re Spee 
| dew /St st work) 
Reading gauges d mete 
Calculating io and/or prop 
Sol g ratio and proportion p 
(e.g. interpreting scale dr 
Finding Pow of numbers. 
Using mathem cal table 
Calculating square roo 
Using scientific notati (powe 
Of SLO) 
Using c logarithm olv 
mathem 1 problems. 
Basic op tions with p ve 
negati umbers. 
Basi tions with | ral 
exp (algebra). 
D g line and/or bar graph 
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FIGURE 1 (contd. ) 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 


Constructing line and/or bar graphs. 


Applying formulas (by substitution of 
umerical values). 


Solving linear equations. 


Transposing, factoring and 
cancellation. 


Solving simultaneous equations. 


Solving quadratic equati 
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FIGURE 2 


MATHEMATICAL KNOWLEDGES AND eae PERCENTAGES 
FOR H 


EAVY DUTY MECHANIC 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 
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FIGURE 2 (contd.) 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 


Constructing line and/or bar graphs. 


Applying formulas (by substitution of 
numerical values). 


Solving linear equations. 


Transposing,, factoring and 
cancellation. 


Solving simultaneous equations. 


Solving quadratic equations. 


Knowing meaning of parallelism between 
lines and/or wo 


Measuring angles. 
Laying out or adjusting angles to 
given number of degrees. 


Calculating area of square or 
rectangle. 

Calculating circumference and/or area 
of cirele. 

Finding unknown side of right triangle Ee 
(Pythagorean theorem). 

Finding area and/or volume of rec- 
tangular solids, (e.g. tanks). 
Finding area and/or volume of 
cylinders. 


Interpreting ''pie'' or circle graphs. 


Constructing ''pie!' or circle graphs. 


Using slide rule to solve mathematical 
problems. 

Using calculator for basic 
operations. 


Knowledge of set theory. 


Completing business forms, (e.g. in- 
voices, work orders, bills of sale). 


Record keeping. 


Solving vector analysis problems. 
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FIGURE 3 


MATHEMATICAL KNOWLEDGES AND SKILLS PERCENTAGES 
FOR WELDERS 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 


Basic operations (+, 
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measures. 
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Con ing English t 
and measures. 
Measuring with rule or tap 
M ing with micromet 

ation of measure 
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Reading gauges and mete 
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Finding Powers of numbers 
U g mathematical tabl 
Calculating square roo 
Using scientific notation (p 
of 10). 
Using com logarithms 
mathematical problems. 
Basic operations with positi 
negative bers. 
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expressions (algebra). 
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MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 


© ucting | d/or bar graph 
Applying formul (by bsti 
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Solving lin q 
Transposing, f g d 
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Ki g meaning of parallel b 
li and/or planes. 
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OT Cirle 
Finding unk side of righ 
(Pythagor heorem) . 
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FIGURE 4 
MATHEMATICAL KNOWLEDGES AND SKILLS PERCENTAGE 
FOR MOTOR MECHANICS, HEAVY DUTY MECHANICS AND WELDERS “tine 


MATHEMATICAL KNOWLEDGE 
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MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 


Applying formulas (by substitution o 
numerical values 


ye 


Solving linear equations 


Solving simultaneous equations. 


Solving quadratic equations. 


FIGURE 4 (contd. ) 
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Proposed Uses of Histograms 

The compound bar histograms showing the proportion of respondents 
who rated each mathematical knowledge and skill item as ''necessary"', 
"desirable", or ''not needed'' were provided for the purpose of serving 
as a convenient method of reference which curriculum workers may use in 
the design of mathematics courses whose objectives meet the needs of 
students in Automotives and Welding. The information represented by the 
histograms may be used by mathematics curriculum workers to assist them 
in making curriculum content decisions, in establishing curricular 
priorities, in designing diagnostic tests and in devising ways to im- 
prove student motivation. 
Mathematics Curriculum Content 

The histograms presented in this study can be used as a means of 
developing curriculum content for mathematics courses by identifying the 
mathematical functions which are important to each of three trades which 
correspond to the high school vocational education subjects of Auto- 
motives and Welding. The curriculum content of a given course may be 
developed to meet the mathematical needs of only one high school voca- 
tional education subject or of two or more vocational education subjects 
combined. The decision to include a particular mathematical knowledge 
and skill item in a course curriculum can be governed by a criterion 
such as selection as ''necessary'' by 50 percent or more of respondents 
from one of the sample, or from two or more samples combined. Another 
possible criterion might be selection of a mathematical competency item 
as ''necessary'' or ''desirable'' by two thirds or more of the respondents 


from one of the samples, or from two or more of the samples combined. 
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Establishing Curricular Priorities 

The mathematics histograms present des cmdeton in a form which can 
be conveniently used to help establish priorities among mathematical 
competencies to be included in mathematics course curricula. For in- 
stance, it might be-reasonable to suppose that a mathematical competency 
such as ''measuring with rule or tape'' which was selected as ''necessary''! 
by 100 percent of the respondents from the Welder sample might be given 
a higher priority than ''record keeping'' which was rated as ''necessary'! 
by only 50 percent of these same respondents. 
Diagnostic Tests 

The mathematical knowledge and skill histograms developed in this 
study may be used to help design tests which would identify the mathe- 
matical weaknesses of students enrolled in the vocational education 
courses of Automotives and Welding. These results would indicate the 
mathematical competency areas where students may need remedial help in 
mathematics as it applies to their particular vocational education 
subject. 
Student Motivation 

The mathematical knowledge and skill histograms developed in this 
study could provide information to teachers for use in motivating 
students by showing them that certain mathematical knowledges and skills 
are important to the particular vocational education course they have 
chosen. The fact that the information came from journeymen certificated 
in trades which corresponded to high school vocational education pro- 
grams might lend it greater credibility in the eyes of students than 


would be the case had the information originated from other sources. 
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CHAPTER V 
SUMMARY, CONCLUSIONS, OBSERVATIONS, AND IMPLICATIONS 

Chapter 1 dealt with the need for the study, the purpose of the 
study, the limitations and delimitations of the study, the significance 
of the study, and the definitions of terms used in the study. The 
chapter also included descriptions of the populations for the study, the 
sampling procedure used in the study, and the methodology of the study. 

The second chapter of the study consisted of a review of the related 
literature which dealt with the academic foundation and content of 
occupations and, more particularly, the mathematical requirements of the 
three selected trades of Motor Mechanic, Heavy Duty Mechanic, and Welder. 
Comments on mathematics education and evaluations of mathematics programs 


were reviewed as were purposes of mathematics and objectives of mathe- 


matics instruction. A number of textbooks and other references related to 


the above three trades were analyzed for their mathematical content. 


Chapter 111 included descriptions of the populations and of the 
sampling procedure for the study. The chapter also dealt with the 
design of the research instrument, the execution of the pilot study, the 
distribution of the research instruments and concluded with the 
tabulation of data. 

Chapter IV presented the peeules of the study in the form of com- 
pound bar histograms which graphically illustrated the percentages of 
respondents who selected each of the three possible responses for each of 


the 45 mathematical knowledge and skill items contained in the research 


instrument. 
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Summary of the Study 
The Problem 


The enactment of the Technical and Vocational Training Act of 1960 
opened the way for the provinces to enter into agreements with the 
Government of Canada whereby the Provinces obtain financial assistance 
for the implementation of programs of technical and vocational training. 

Alberta, in 1961, entered into such an agreement and the massive 
building program which ensued resulted in the opening, in the fall of 
1963, of vocational high schools in the larger population centres of the 
province. 

The new schools were organized as comprehensive high schools which 
offered, in addition to vocational education subjects, a broad range of 
programs which included academic university-matriculation, general non- 
matriculation, as well as a wide choice of optional subjects. Students 
enrolled in vocational education subjects devoted approximately one half 
of their school time to the study of academic or general education sub- 
jects that were needed to complete the requirements for the Alberta High 
School Diploma. 

The academic and general education subjects offered to students 
enrolled in high school vocational education programs were seen to hold a 
very important position in relation to the vocational education subjects. 
This was due to the fact that a number of vocational subjects, expecially 
those which corresponded to the skilled trades, had part of their theo- 
retical base in the academic disciplines, notably, the mathematics and 
the physical sciences. In this context, these academic disciplines were 


referred to by Kidd and Leighbody (1955) as "related subjects'' (pp. 183 - 


184). 
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The related subject that seemed to arouse the most concern on the 
part of educators was mathematics. There did not appear to be sufficient 
information available on exactly what mathematical knowledges and skills 
would serve the purpose for given trades. Nelson and Halfin (1976) 
addressing themselves to the problem of obtaining information for the 
purpose of curriculum development stressed the need for direct approaches 
as opposed to the commonly used indirect or discipline approach (pp. 

246 - 248). 
The Methodology 

The study was designed to collect data relating to the mathematical 
skills which certificated journeymen considered necessary to possess in 
order that they may be able to practice in a successful manner the 
trades of Motor Mechanic, Heavy Duty Mechanic and Welder. 

The populations for the study consisted of three discrete groups of 
certificated journeymen. One population consisted of journeymen cer- 
tificated in the Motor Mechanic trade; the second population was made up 
of journeymen certificated in the Heavy Duty Mechanic trade; the third 
population was comprised of journeymen certificated in the Welder trade. 
Each of these three populations was stratified as to the function per- 
formed by the journeymen. These functions were placed into the following 
three categories: Supervisors; Journeymen; Instructors. 

A two-stage sampling procedure was used for the ''Supervisors'"' and 
''Journeymen'' categories of each of the three populations. Simple random 
sampling without replacement was used for the ''Instructor'' group of each 
of the three populations. In its final form each of the three samples 
was comprised of 5 ''Supervisors'', 10 ''Journeymen'', and 5 ''Instructors'' 


giving a total of 60 subjects in all for the three samples. 
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The research instrument for the study was a questionnaire in the 
form of a 45-item mathematical checkoff list similar in structure to the 
one used by Laws (1966) in his study on the subject of mathematical 
competencies for technicians. Respondents were asked to rate each mathe- 
matical knowledge and skill item on a 3-point Likert-type scale. 

A pilot study was carried out in order to point up any errors or 
inadequacies that might have been present in the instrument. Minor 
modifications were made to the instrument as a result of analysis of 
pilot study returns. 

The modified questionnaires were delivered or posted to the sample 
subjects. Of the 60 research instruments distributed 50 completed 
questionnaires were received from respondents. This represented a re- 
turn rate of 83.3 percent. The results from these questionnaires were 
tabulated by ania subgroup. The frequencies for each item response 
were converted into percent proportions for each of the three samples. 
This approach was described by Dixon (1969, p. 9). These proportions 
were then graphically illustrated by means of compound bars as described 
by Lockwood (1969, p. 28). 

The Findings Related to the Motor Mechanics Sample 

Eighteen mathematical knowledge and skill items were selected as 
necessary’! by 50 percent or more of the Motor Mechanics sample subjects 
who completed and returned research instruments. These included basic 
operations with whole numbers, common fractions, decimals and percent; 
conversion of fractions to decimals; knowledge of common metric and 
English weights and measures and conversions; measuring with rule, tape, 
and micrometer; estimating measurements; measuring, laying out, or 


adjusting angles; calculating circumference and/or area of circle; 
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finding area and/or volume of cylinders and completing business forms. 
The Findings Related to the Heavy Duty Mechanics Sample 

Twenty mathematical knowledge and skill items were selected as 
"necessary'' by 50 percent or more of the Heavy Duty Mechanics sample 
subjects who completed and returned their questionnaires. The selected 
items included basic operations with whole numbers, common fractions, 
decimals and percent; conversion of fractions to decimals; knowledge of 
common metric and English units of weight and measure and conversions; 
measuring with rule, tape and micrometer; estimation of measurements; 
reading gauges and meters; calculation ratio and/or proportion and 
solving ratio and proportion problems; identifying basic geometric 
figures; measuring, laying out or adjusting angles; calculation of 
circumference and/or area of circle; finding area and/or volume of 
cylinders; completing business forms and record keeping. 
The Findings Related to the Welders Sample 

Twenty-five mathematical knowledge and skill items were selected as 
'necessary'' by 50 percent or more of the respondents in the Welder 
sample. Included in this number were basic operations with whole 
numbers, fractions, decimals and percent, and positive and negative 
numbers; conversion of fractions to decimals; using percent to calculate 
interest, etc.; knowing common English weights and measures; measuring 
with rule or tape measure; estimating measurements; reading gauges and 
meters; calculating ratio and/or proportion and solving ratio and 
proportion problems; using mathematical tables; applying formulas; 
knowing meaning of parallelism; identifying basic geometric figures; 
measuring, laying out or adjusting angles; calculating area of square or 


rectangle; calculating circumference and/or area of circle; finding area 
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and/or volume of rectangular solids and cylinders; interpreting and 
constructing circle graphs; record keeping. 
Conclusions 
The study presented data which showed that a number of basic mathe- 
matical knowledges and skills were necessary for journeymen to possess in 
order to enable them to practice successfully each of the three selected 
trades of Motor Mechanic, Heavy Duty Mechanic, and Welder. Fourteen 
mathematical knowledge and skill items were selected as ''necessary'' by 50 
percent or more of the respondents in all three samples. These included 
basic operations with whole numbers, fractions, decimals and percent; 
conversion of common fractions to decimals; knowing common English 
weights and measures; measuring with rule or tape; estimation of measure- 
ments; reading gauges and meters; calculating ratio and/or proportion; 
identifying basic geometric figures; measuring, laying out, or adjusting 
angles; calculating circumference and/or area of circle; finding area 
and/or volume of cylinders. 
Observations 
A comparison of the findings related to the three selected trades of 
Motor Mechanic, Heavy Duty Mechanic and Welder showed that the Welder 
sample respondents had selected the greatest number of mathematical 
knowledge and skill items as being ''necessary'' for journeymen to possess 
in order that they may be able to practice their trade in a successful 
manner. A review of textbooks and other trade references for the three 
selected trades had shown that the references for the Welder trade had 
the lowest incidence of mathematical content among the three trades. 
This finding would seem to support Nelson and Halfin (1976) in their 


statement that direct approaches to curriculum design yield results 
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which are different from those obtained by using indirect or discipline 
approaches (pp. 246 - 248). 

One item which drew a number of comments was ''knowing common metric 
weights and measures''. Canada has been in the process of converting to 
the SI [Systéme International d'Unités] metric system of weights and 
measures and it would appear that the three selected trades of Motor 
Mechanic, Heavy Duty Mechanic, and Welder were not uniformly affected by 
this change. 

Among the three samples, respondents from the Motor Mechanics 
sample showed the highest proportion (68.4 percent) of selection of 
‘Knowing common metric weights and measures'' as being ''necessary'' for a 
journeyman to possess in order that he may be able to practice his trade 
in a successful manner. This may be attributed to the fact that 
automobiles originating from countries which use the metric system have 
been imported into Canada for many years. Three of the respondents who 
were employees of an employing agency which dealt exclusively in metric 


products thought that knowledge of metric weights and measures was 


'necessary'' and that knowledge of English weights and measures was ''not 


needed''. 

Respondents from the Heavy Duty Mechanics sample showed the second 
highest proportion (53.3 percent) EN Sa Peee of ''Knowing common metric 
weights and measures'' as being ''necessary'' for a journeyman to possess in 
order that he may be able to practice his trade in a successful manner. 
This finding is perhaps related to the fact that Diesel engines and other 
items of heavy equipment have a longer life expectancy than do auto- 
mobiles. Also, manufacturers of this type of equipment are perhaps 


finding it more difficult to convert to metric measurements. The owner 
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of a small Diesel engine repair shop stated that some Diesel engines from 
Great Britain are still not metricated. This owner also stated that 
since metric replacement parts are often not available, some components 
have to be rethreaded to English sizes to take studs or bolts which are 
available in Canada. 

The questionnaire item ''Knowing common metric weights and measures''! 
was selected as ''necessary'' for journeymen to possess by 37.5 percent of 
respondents from the Welders sample. This low rate of selection may be 
partly explained by a conversation which the researcher had with a 
welding shop owner-manager who participated in the study. According to 
this supervisor, the Welder trade has not, as yet, been greatly affected 
by metric conversion. This supervisor related an incident which involved 
hydraulic truck hoists built to metric standards in Great Britain. These 
hoists could not be used because hose and pipe fittings which were 
standard in Canada would not fit the threaded openings. The British 


manufacturer was asked to ship only hoists with English type threads. 


Implications and Recommendations 
implications for Educational Practice 


This study reveals evidence which shows that a sizeable proportion 
of the 45 mathematical knowledges and skills listed in the research 
instrument were considered by respondents to be necessary for journeymen 
to possess in order that they may be able to engage in the successful 
practice of the trades of Motor Mechanic, Heavy Duty Mechanic, and 
Welder. An educational implication of this finding might be that 
students enrolled in high school vocational education courses in 
Automotives and Welding which correspond to the skilled trades of Motor 


Mechanic, Heavy Duty Mechanic and Welder should have the opportunity to 
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learn the kinds of mathematical competencies which will be useful to them 
in their subsequent apprenticeship training and in their work as certifi- 
cated journeymen. This means that special related mathematics courses 
may have to be designed for students enrolled in the high school vo- 
cational education programs in Automotives and Welding. These related 
mathematics courses would then become a vehicle for infusing the 
identified mathematical knowledges and skills into the high school pro- 
grams of study. A corollary to this implication might be that teachers 
of high school vocational education programs in Automotives and Welding 
should make provision for the reinforcement of the identified mathe- 
matical competencies in both the theoretical and practical phases of 
their instructional programs. 

Recommendations for Further Research 

Some possible areas for further research are suggested by the 
findings of this study: 

1. Studies could be undertaken to identify mathematical competen- 
cies relating to other skilled trades which correspond to existing or 
projected high school vocational education courses. This information 
could then be used in the design of mathematics courses which specifi- 
cally meet the needs of students enrolled in those high school 
vocational education programs of study. 

2. Mathematical competency requirements could be compared for a 
number of skilled trades with a view to developing mathematics courses 
which would meet the requirements of two or more vocational education 
subjects in common. This method of combining related subject curriculum 
content for two or more vocational education courses was described by 


Larson (1972) who referred to it as the "'core cluster approach'! (p. 27). 
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APPENDIX A 


Appendix A consists of the research instrument used in the study. 
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MATHEMATICAL SKILLS QUESTIONNAIRE 
Name of firm or employer 


Trade (check one): Motor Mechanic 
Heavy Duty Mechanic 
Welder 


Type of employment: Practicing journeyman (5 years experience 
or less) 


Practicing journeyman (more than 5 years 
experience) 


_ Supervisor 


Instructor 


Directions: Please rate each mathematical knowledge or skill item 
as to how important you think it is to a journeyman for 
successful performance in the trade. When you have 
decided, place a check mark in the ''NECESSARY'', 
"DESIRABLE'', or ''NOT NEEDED'' column on the right hand 
side of the questionnaire. 


NOTE: Please be sure to rate and mark all items. 


NECESSARY DESIRABLE {| NOT NEEDED } 


MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS 


Ie. Basic operations 
(+, -, x, +) with whole 
numbers. 


Basic operations with 
common fractions. 


Basic operations with 
decimals and percent. 


Conversion of common 
fractions to decimals 
or percent and vice 

versa. 


Using percent to cal- 
culate interest, 
mark-up, and/or dis- 
count. 


Knowing common metric 
weights and measures. 
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MATHEMAT 1 CAL KNOWLEDGE ! 
AND SKILL ITEMS NECESSARY DESIRABLE ; NOT NEEDED 


He Knowing common English 
weights and measures. 


Converting English to 
metric weights and 
measures. 


Measuring with rule or 
tape measure. 


Measuring with micro- 
meter. 


Estimation of measure- 
ments, (e.g. hold 
electrode 1/8'' from 
work) . 


12h Reading gauges and 
meters. 


Rese Calculating ratio 
and/or proportion. 


+t 


14. Solving ratio and 
proportion problems, 
(e.g. interpreting 
scale drawings). 


1s Finding powers of 
numbers. 


16s, Using mathematical 
tables. 


| oes Calculating square 
root. 


(fo, Using scientific 
notation (powers 
ot 10)2 


(Wee Using common loga- 
rithms to solve 
mathematical problems. 


20; Basic operations with 
positive and negative 
numbers. 
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MATHEMATICAL KNOWLEDGE 
AND SKILL ITEMS NECESSARY } DESIRABLE | NOT NEEDED 


Zl Basic operations with 
literal expressions 
(algebra). 


Interpreting line and/or 
bar graphs. 


Constructing line and/or 
bar graphs. 


Applying formulas (by 
substitution of numer- 
icalava hues... 


26. 


Transposing, factoring 
and cancellation. 


His Solving simultaneous 
equations. 


28. 


Solving quadratic 
equations. 


aS Knowing meaning of 
parallellism between 
lines and/or planes. 


Identifying basic 
geometric figures such 
aS Square, rectangle, 

hexagon, cylinder. 


enon 


-d ar hewitt 0 = el A 


Measuring angles. 


Laying out or adjusting 
angles to given num- 
ber of degrees. 


Calculating area of 
square or rectangle. 


Se See eee 


Calculating circum= 
rerence and/or area of 
Cigeies 


Finding unknown side 
of right triangle 
(Pythagorean theorem). 


ae 


4 
25. Solving linear equa- 
tions. ; 
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MATHEMAT} CAL KNOWLEDGE 
AND SKILL ITEMS 


Finding area and/or 
volume or rectangular 
Solids, (erg. tanks). 


Finding area and/or 
volume of cylinders. 


Interpreting “piel! or 
circle graphs. 


Constructing '"'pie'' or 
circle graphs. 


Using slide rule to 
solve mathematical 


problems. 


Using calculator for 
basic operations. 


Knowledge of set theory. 


Completing business 
forms, (e.g. invoices, 
work orders, bills of 
sale). 


Record keeping. 


Solving vector ana- 


lysis problems. 


Please write in comments 


or describe mathemati- 
cal shortcuts you may 
use in your trade 


NECESSARY | 


era 


DESIRABLE 


a 


ee ee rs 


NOT NEEDED 


126 


a 


} 


e 


a ee 


ee eee 


vay bose ana a 


s 
‘ 
a 
ee 
' 
j 
i 
ot 
& j 
f 4 
’ = 
- ee 


a ae Me 


es Sal ‘e Pea eee pe 
pen / 7 tintin en 


APPENDIX B 


Appendix B consists of a reproduction of the covering letter which 
accompanied the research instruments which were distributed to the 


sample subjects. 
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FACULTY OF EDUCATION 


DEPARTMENT OF INDUSTRIAL AND 
VOCATIONAL EDUCATION 


TELEPHONE (403) 432-3678 


THE UNIVERSITY OF ALBERTA 
EDMONTON, ALBERTA, CANADA 
T6G OY! 


Dear Sir: 


| am currently teaching Automotives at St. Joseph Composite High School 
and am registered as a graduate student at the University of Alberta. 
Part of the requirement for a Master's Degree is the completion of an 
original research project. For my research topic, | have selected 
"Identifying Mathematical Competencies for Three Selected Trades''. 


Part of this study involves the collection of data relating to the Motor 
Mechanic trade, the Heavy Duty Mechanic trade, and the Welder trade. 

The design of the study calls for data to be obtained from journeymen 
presently functioning in each of three categories of positions within 
each of the selected trades. These categories are ''practicing journey- 
man'', ''supervisor'', and ''instructor''. The practicing journeyman 
category has been divided into two groups depending upon years of exper- 
ience since achieving journeyman status. The first group consists of 
journeymen with five years of experience or less while the second group 
is made up of journeymen with more than five years of experience since 
becoming certificated in their trade. Because of your present position 
or employment in one of the above categories, you have been selected to 
participate in this study. 


Please find enclosed a questionnaire that should take one half-hour of 
your time to complete. You will find directions for completing the 
instrument at the top of the first page. 


When you have completed the questionnaire, please place it in the 
stamped self-addressed envelope and return it to me by December 31, 1976. 


All information will be treated as privileged and will be made available 
only to the researcher. 


It is anticipated that your valued opinions will contribute to the design 
and improvement of mathematics courses offered to students enrolled in 
the high school vocational education programs in Automotives and Welding. 


An abstract of the study will be sent to all who return a completed 
questionnaire. 


Yours sincerely 


Gilles C. Verret 
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